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Foreword 

This  report  summarizes  the  recent 
achievements  and  progress  of  ongoing 
programs  at  the  Air  Force  Geophysics 
Laboratory.  It  is  the  thirteenth  in  a  series 
initiated  by  AFGL’s  predecessor,  the  Air 
Force  Cambridge  Research  Laboratories 
(AFCRL).  Written  primarily  for  Air  Force 
and  DoD  managers  of  research  and  devel¬ 
opment,  it  .shows  how  AFGL  met  the 
needs  of  Air  Foi’ce  systems  and  extended 
tfie  technology  base  in  geophysics  during 
the  period  from  January,  1985,  through 
December,  1986. 


JOSEPH  R.  JOHNSON 
Colonel,  USAF 
Commander 
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rhf  Air  h  nrfe  ( imphysirs  Laltoralury  is  Incalfd  at  Hans<’iMii  AKP».  17  mil«‘s  \sa‘st  of  liuston.  It  is  a  Ifiiant  of  iho 
Kk'^'tr* aiir  Sys(rtii>  IHvision  uf  rfio  Air  F<irc«  Systems  t'ninniand  (I  SAK  })hot<»  liy  I’alrick  J.  Windward). 


I  AIR  FORCE  GEOPHYSICS 
LABORATORY 


The  mission  of  the  Air  F’orce  Geophys¬ 
ics  Laboratory  (AFGL)  is  to  understand 
the  tjeophysical  environment  in  which  Air 
Force  systems  operate  so  that  it  can 
define  design  parameters  for  these  sys¬ 
tems. 

AFGL  is  part  of  the  Space  Technology 
Center,  headquartered  at  Kirtland  AFB, 
New  Mexico.  The  Center  reports  to  the 
Space  Division  of  the  Air  Force  Systems 
Command,  Los  Angeles  AFS,  California. 

This  report  describes  the  achievements 
and  activities  of  AFGL  from  January  1, 
1985,  through  December  31,  1986.  During 
this  period,  AFGL  conducted  research, 
exploratory,  and  advanced  development 
programs  in  the  physics  of  space,  the 
ionosphere,  the  atmosphere,  the  earth, 
and  optics.  The  products  of  these  research 
and  development  programs  were  transi¬ 
tioned  into  the  Air  Force  as  military  de¬ 
sign  standards,  computer-aided  design 
tools,  databases  of  geophysical  effects, 
tactical  decision  aids,  computer  models  of 
the  environment  and  of  its  interaction 
with  Air  Force  systems,  feasibility  stud¬ 
ies,  and  prototype  hardware  and  software. 

In  1985,  Colonel  Joseph  D.  Morgan,  III, 
commanded  AFGL  until  July  18,  when  he 
was  succeeded  by  Colonel  Joseph  R.  John¬ 
son,  formerly  Chief  of  the  Strategic  Com¬ 
mand,  Control,  and  Communications  Divi- 


sidii  t'lir  the  l>i‘iiuiy  Chief  of  Stuff,  Re¬ 
search.  Dex'eliipnu'iU  and  Ataiuisition.  Co!- 
iinel  R()ilne\'  Hartholoniew  served  as  \’ice 
Cinntnander  of  the  Lahc>ratory  luUil  Jtdy 
dl.  I'.is.'),  when  he  was  replaced  liy  ('olnnel 
dames  K.  Mcnon()uy,'h,  pre\'i(>usly  Instal¬ 
lation  Coniinaniler  at  the  Xew  Boston 
AFS.  Xe'v  Hampshii'e.  Dr.  A,  T.  Stair,  Jr., 
apjioitued  Chi  d'  Scientist  in  January  lhS2, 
I'etired  in  Deceniher  IhSh, 

HANDBOOK  OF  GEOPHYSICS  AND 
THE  SPACE  ENVIRONMENT 

In  ilui  Ail-  Force  Ceoidiysics  Laho- 
ratory  puhlished  the  fourth  edition  of  its 
classic  handhook  for  .Vir  Force  designers, 
engineers,  and  systems  (.)per;itors.  Since 
llhid.  when  tlie  third  edition  was  puh¬ 
lished,  the  dtwelopment  cd"  large  rocket 


and  satellite  platfonns  for  experimental 
payloads  and  the  expansion  of  computer 
capabilities  luive  gretitly  advanced  knowl¬ 
edge  of  geophysics.  The  fourth  edition 
emi)hasizes  the  space  environment  with 
chapters  on  the  sun  and  its  emissions,  the 
earth’s  m.ignetic  field,  the  radiation  belts, 
the  ionosphere,  and  the  aurora.  Air  Force 
designers  of  space  vehicles  will  find  the 
section  (tn  electrical  charging  of  space¬ 
craft  esitecitdly  useful.  Infrared  astrono¬ 
my.  the  properties  of  the  near-earth  at¬ 
mosphere.  and  the  earth  sciences  are  also 
includetl.  Selected  bibliographies  are  given 
at  the  end  of  each  chaitter. 

FORTIETH  ANNIVERSARY 

The  Laboratory  celebrated  its  fortieth 
anniversary  year  in  198(>.  Originally  called 


SraU-d  (U-ft  to  ri^rHt);  Dr.  KoImtI  A.  Mcl'laloliov .  I)in‘cl<»r  of  iho  Alinos[)hi*ric 
Sririicfs  Ihvi.^ioii;  <  'ol  .laiiu's  K.  Mol  Jonou^rh.  X'ico  (’omniaodor:  Col  d  K.  .lohiisoti.  ('onmiaiKlor:  Mrs.  Rita 
Sairal>n.  I^iroiin*-  of  thf  Spuoo  Phy-i{'>  iMvision;  ainl  l>r.  Oonald  H.  Kokhanlt.  hirootor  of  ifu*  Karth  Scioncos 
x't.indi”;:  ti,  1. 1  C<il  Richard  C,  (iall<»vvay.  [ hnrtor  of  ( ioophvsirs  IVo^rranis  Division;  Dr. 

Randall  K.  Murphy.  I  hrrctor  of  (hr  Infran-d  rcchnolo^y  Divi.  ion;  Dr  Richard  (1.  Hcndl  D‘»*wtor  of  T^cVipiral 
I’lans  aiul  Oprranon<.  Mr  liolrrrl  Sknvanrk.  Ihrcclor  of  the  Ionospheric  F’hvsi<*s  Division:  Dr.  P'arl  (lootl. 
j  )irrc-Tor  of  III*'  <  pit iral  Rliy 'll'.'  Di\  ision:  Rt  Col  John  K.  Holdnrr.  [ >in*ct(»r  of  Ivcsearch  Services  I )i vision:  Rt  ('ol 
Ja.'on  Cfiapi'l.  iMm'tor  of  Inforrnalion  Systems  Management  Ihvision;  Mr.  Neal  Stark,  l)irector  of  the 
.\rro'pa‘'e  fai^Mnrrnntr  Di\i.'ion:  M>.  Kuiiii  e  Cronin,  .\ssistanl  for  Manajreinent  Information  (CSAK  photo  hy 
Ree  SfrVi'n'l 


Ailiil|ih  S.  .lursa  (Ifft).  Srioiilifii'  KdiUir.  aiiil 
Marylou  Tsohircti,  Assistant  F’.ilitDf.  (irt'Si'iit 
the  finirtii  fi!itii)ii  nf  the  Air  b'ltnc 
H^intlhoiik  of  » >V();)/ns«-,s  und  .'/ic  S/iacc 
Hr,,irounu‘i)t  to  Col  .1.  1{.  Johnson.  .AFtil, 
I 'on.nianilor  i(  S.AP'  photo  hy  iaa'  Stcvoiisl. 


Maj  John  tiaiiiii't.  Ilopnty  Ihroctorof  tlic 
Spai’c  I’hysios  Division,  ili'inonstrati's  hasii- 
prini'i|ili's  of  [ihysics  at  .AFtil,  Upon  House. 
iThe  stuiieni  si’ati'd  on  a  ri-volvintr  ehair 
discovers  liow  hard  it  is  to  turn  a  spinning; 
uheel  while  she  is  rotatint;.)  (FS.AF  photo  hy 
Lee  .''tevensl. 


the  (''tiiiihridtre  Field  Station  of  the  Army 
•Air  Forces,  the  Laboratory  betrtDi  recruit- 
intt  scientists  from  the  Radio  Research 
Laliortitory  at  Harvard  and  the  Radiation 
Lahonitory  at  MIT  in  Auffust,  1!)45.  It  did 
not  receive  formal  status,  however,  until 
June,  194().  The  Cambridfje  P'ield  Station 
became  the  .Air  Force  Cambridtre  Re¬ 
search  Laboratories  (APX'RL)  in  July, 
IbJ'.t.  .After  a  major  reorganization  in 
197b,  .AFCRL  was  redesignated  the  .Air 
Force  (ieophysics  Laboratory  and  elec¬ 
tronic  functions  were  transferred  to  the 
Rome  .Air  Development  Center. 

Fortieth  .Anniversary  events  included 
an  Oiten  House  in  .A|)ril,  the  dedication  of 
a  new  Rayload  Verification  and  Integra¬ 
tion  Facility  in  July,  and  a  gala  .Anniversa¬ 
ry  Dinner  in  October,  at  which  Lt  Gen 
James  A.  .Abrahamson,  Director  of  the 
Strategic  Defense  Initiative  Organization, 
was  guest  speaker. 

.Ah'GL  was  named  the  Outstanding 
.Aerosjiace  I'nit  of  the  Yoar  in  Space 


Division  by  the  .Air  Force  .Association  of 
Los  .Angeles  in  198b.  Its  unique  contribu¬ 
tions  to  the  Space  Division  mission  include 
building  an  infrared  database  for  surveil¬ 
lance  satellites,  measuring  the  acoustic 
environment  at  the  Space  Shuttle  launch 
complex  at  Vandenberg  ,AFB,  California, 
developing  a  ground-based  laser  radar  to 
measure  atmospheric  density  for  shuttle 
orbits,  and  inventing  a  revolutionary  tech¬ 
nique  to  acquire  missile  plume  signatures. 

SCIENTIFIC  STAFF 

The  talent  and  reputation  of  the  scien¬ 
tific  staff  are  the  Lalioratory's  chief  as.set. 
Of  the  2.74  scientists  and  engineers  at 
AFGL,  95  have  doctor's  degrees,  7b  have 
master’s  degrees. 

Dr.  George  A.  Vanasse,  physicist  in  the 
Ojitical  Physics  Division,  received  the 
Harold  Brown  Award  in  1!)85,  the  third 
Brown  award  to  an  AFGL  .scientist  since 
197b.  Dr.  Vanasse  developed  a  revolution- 
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1,1  (i<ii  Fiirri'st  S  McCartney  (ceiitiTl. 
t  I'riiiiian'li'r  of  Space  I'nision  until  Octolier 
I'.t'S.  cut:'  the  nhlion  at  il»Miic:ition 
cororie  Uic'  for  .Xh’tll.s  new  Pavload 
^  "r; ficat  aui  and  Inteyration  h'acility 
.\"i'tino  linn  are  Mai  *,en  Thoinac  C. 
lirand'  C.i'ti,  \'ice  i 'Minniaiid'T  of  the 
l-.c  ci  ronic  ,''\'tein'  liividon:  Mark  .Mien, 
hnildii.L'  contractor,  aiid  Col  .1.  K  .lofin'un 
ir,Ld:'i  .\ Ki  i  1.  Coininander  I  CS.V  F  photo  he 
l.eo  Ste',.  U'l 

;irv  in.'trumfiU  ftilltnl  iiOSS  (Htifktrniuiul 
Suii[in'ssi(iii  System)  t(i  dclcci  tar- 
yfi'ts  with  liiw  iiit'rai'c'il  sitrtiattiros.  such  ;is 
missile  plmacs.  a^rainst  hackyrouiid  intor- 
iVrec.f.  It  enhances  the  et'fecti\'eiu‘ss  of 
infrared  surveillance  systems.  Thi'  Air 
Fnrce  Wetipiins  Lahnratnry  ami  Space 
I)i\isi(in  chose  this  instrument  to  olitain 
laser  kill  assessments  for  the  Stratepric 
Ilefeii.-e  Initiative  IVottrams. 

•Ma-ter  Sertreant  Koprer  U'.  Sands,  re- 
seari'ti  and  ile\'elopmenl  tecimician  in  tlie 
Kartii  Seiences  Ilivision,  won  tlie  Hefense 
■Mappmp:  Apfency's  liesearch  .Auard  in 
IPs.')  for  liis  eontrilmtions  to  tli"  design, 
coiialructioii,  and  operation  of  .\F(iL's 
transjiortahle  tih-.oluti'  jfravimeter.  He  is 
titf  tir^^l  riili.-'tod  man  to  win  this  tiward. 
'Idle  vravimeter  i.--  the  onl>’  instrument 
availaiile  in  tlie  I  nileti  States  to  measure 
alisoluti'  yruvity  for  the  I)e]iartment  of 
Ilet*'!!.'''  riii.'  knowledpo'  IS  nemled  to 
acF'cvt'  thi’  aci’iirary  reipnreil  h\’  our  stra- 

top,,.  wfapdiis  sw^toins 


Mrs.  Ruth  K.  Seklman.  director  of  the 
.\F(iL  Lihrarv,  was  named  the  Outstand- 
itif;-  Technical  Lihrarian  in  the  .Air  Force  in 
IDS.'),  for  her  initiative  in  automatinft  the 
library’s  cataloft. 

First  Lieutenant  Frank  J.  lannarilli,  re¬ 
search  physicist  in  the  Infrared  Technolo¬ 
gy  Division,  was  one  of  three  .Air  Force 
officers  awarded  the  .Air  f’orce  Reseandi 
and  Development  .Award  in  lilS.').  He  de¬ 
veloped  new  data-analysis  methods  for 
infrared  tarptet  si(fnatures.  He  increased 
the  efficiency  of  the  data  processing;  and 
analysis  operation  by  a  factor  of  ten.  His 
methods  were  recently  applied  to  the  char¬ 
acterization  of  the  infrared  sipfnatures  of 
naval  vessels  in  support  of  the  Navy. 

•lames  H.  Brown,  Robert  R.  Belaud, 
h’dmund  .A.  .Murphy.  ILt  Susan  Sheldon, 
and  Edmond  M.  Dewan.  of  the  .Atmo¬ 
spheric  Optics  Branch,  won  an  .Air  f  orce 
Systems  Command  Quarterly  Science  and 
Eng-ineeritiK  Technical  .Achievement 
.Award  in  IDSb.  They  desijrned  a  uniiiue 
optical  turl)ulence  sensor  to  be  used  in 
developing  and  siting  ground-based  lasers 
for  the  Strategic  Defense  Initiative  Or¬ 
ganization  and  the  Department  of 
Defen.se. 

Ms.  .Margaret  .Ann  Shea  received  the 
Commemorative  .Medal  honoring  100 
A'ears  of  International  Oeophysics  from 
the  Soviet  Oeophysical  Comnuttee  of  the 
I  S.slR  .Academy  of  Sciences. 

The  prestige  of  the  scientific  staff  is 
further  evidencmi  by  the  election  of  .AFOL 
scientists  as  fellows  of  their  professional 
societies;  the  Optical  Society  of  .America 
(eight  fellows),  the  .American  .Association 
for  the  .Advancement  of  Science,  the 
•American  .Meteorological  Society,  the  Ceo- 
logical  Society  of  .America:  and  by  senior 
membership  in  the  Institute  of  Electrical 
and  Electronic  Engineers,  and  mendier- 
ship  in  tin'  New  A'ork  .Academy  of  Science. 


AF(I1.  Fortieth  Amiivorsary  iiimuT.  (Head  table  jruests  ii)elu<le  Haiiscoiii  AI'H  chaiiluin  F'atlier  Maiming:  (left), 
Mrs,  .hiditli  .lohiiSDti.  guest  speaker  I,t  (ieu  .lames  .A.  Abraham.soii,  Direetur  of  the  Strategic  Hef'eitse  Initiative 
Orgamzatl(iU.  and  ('of  .1.  K.  .lohusuu.  .AFtil,  Commauder.l  (I'S.AF'  photo  by  .Joseph  I’ugliellil. 


.\P"()L  tilso  serve  on  coniinil- 

tees  of  such  international  ortranizations  as 
the  International  Scientific  Radio  Union 
(UftSI),  the  International  Association  of 
Geomagnetism  and  Aeronomy  (lAGA), 
the  Internationtil  Association  for  Mete¬ 
orology  and  .Atmospheric  Physics 
(I.AM.AP),  the  Interntitional  Union  of  Pure 
and  .Applied  Physics  (lUP.AP),  the  Scien¬ 
tific  Uommitlee  on  Sohir-Terrestrial  Phys¬ 
ics  (SUOSTUP).  tind  the  International 
Union  of  Geotlesy  and  Geophysics,  (f’or  ;i 
cm;  plete  listinjr,  see  .Appendix  .A.) 

Laboratory  scientists  tire  also  called  to 
work  on  committees  of  many  national 
organizations,  both  federtd  and  profes¬ 
sional,  such  iis  the  National  .Academy  of 


Sciences,  the  National  Research  Gouncil, 
the  Office  of  Science  Technolofjy  Policy  of 
the  President,  the  American  Geophysical 
Union,  and  the  American  Institute  of  Aer¬ 
onautics  and  Astronautics.  (A  complete 
listing  is  ffiven  in  Apjiendix  B.) 

A  number  of  AFGL  scientists  are  edi¬ 
tors  of  professional  journals  and  members 
of  editorial  boards,  such  as  the  journal  of 
PlaneUiry  and  Space  Science',  associate 
editor  of  the  Journal  of  Geophysical  Re¬ 
search'.  associate  editor  of  the  U.S.  Na¬ 
tional  Report  to  XI.X  General  .A.ssembly, 
International  Union  of  Geodesy  and  Geo¬ 
physics;  co-editor.  Advances  in  Space  Re¬ 
search'.  co-editor.  Radio  Science  (special 
issue  on  “Ionospheric  Effects  on  Radio 


Pr  I '..-.pi'i:''  A  \'an.-isM‘.  |ihy<icist  in  thn 
('(■'aal  Ihvisian,  tin' 

Hari  il  i’.i'iiuri  AwanI  in  r.i>a  I'nr  .ii'Vi'lnpintr 
a  I'"',  "iui  mnary  tci'hniinn'  tn  supiirnss 
l'ap-kai''Hiiii|  raiiialiiin  fmin  in!'rai-cil  sijanuls 
aii'l  |ir.iiiii.'i'  jpur>'  laryna  'p.-i'tra  fi'nm  law 
•  i!it’ran'<l  lafL:''t>  'iirh  as  ftussilc 

I’liiino  iI'SAK  ph'ilip  ti\  i.ri'  Stcvciisi. 


In  Infin  F'.  I'auisiin.  n-scarfli  i-hcniist  in  thn 
Innnspin'ri'’  I’livsii's  Pitisinn,  won  thi' 
[.al-nratory's  lUstl  (lut-ntar  [aa’snr  Award 
(Ar  ills  I'arc-fr  ai'hii'\ l•^ll■nts  in  aliniisphcrii' 
|■hl•nllstry,  lI  SAF  ph'pl'i  by  Jpihn  F. 

UroH  ni'i. 

Systetiis,”  pflitor,  "The  I^owpr  At- 

niosphcrp  of  Solar  flares.”  Proceedinj^s  of 
the  N'iilional  Solar  Ohservtitory /NASA 
SumrTier  Syni[to.si(ini,  lllSo. 


Many  members  of  the  scientific  staff 
were  invited  to  give  lectures  at  important 
conferences,  such  as  the  High  Resolution 
Solar  Workshop,  Munich.  Germany,  198.5; 
Fifth  General  Assembly  of  the  Interna¬ 
tional  A.ssociation  of  Geomagnetism  and 
Aeronomy,  Prague,  Czechoslovakia,  1985; 
Invited  Professor.  University  of  Paris, 
1985;  F'ifth  and  Sixth  Workshops  on  Maxi¬ 
mum  Entropy  and  Bayesian  methods  in 
Applied  Statistics,  198.5-86;  COSPAR  Gen¬ 
eral  As.sembly  (“White  Light  Movies  of 
the  Solar  Photoflares  from  the  SOUP 
Instrument  Spacelab  2”;  Chair,  Plasma 
and  N'eutral  Gas  Injection.s,  of  Symposium 
on  Active  Experiments  in  Space),  Tou¬ 
louse,  France,  1986;  Fifth  Symposium  on 
Atomic  and  Surface  Physics.  Obertraun, 
Austria.  1986;  Brotherton  Lectures  at  Uni¬ 
versity  of  Leeds,  Leeds,  United  Kingdom, 
1986;  NATO  Advanced  Study  Institute  on 
Structure,  Reactivity,  and  Thermochemis¬ 
try  of  Ions,  Les  Arcs,  France,  1986;  Amer¬ 
ican  Chemical  Society  Meeting,  1986; 
Workshop  on  Trends  and  Perspectives  in 
Fourier  Transform  Spectroscopy,  Vienna, 
Austria,  1986;  Workshop  on  Atmospheric 
Transparency,  Capri,  Italy,  1986;  Bates 
International  Colloquium  on  Atomic  and 
Molecular  Physics,  Queen’s  University, 
Belfast.  Northern  Ireland,  1986. 

To  maintain  its  excel'ent  technical  staff, 
AFGL  mu.st  interest  the  best  young  scien¬ 
tists  in  its  mi.ssion  and  its  technical  pro¬ 
grams.  To  accomplish  this  objective,  the 
Laboratory  has  for  a  number  of  years 
participated  in  programs  to  attract  and 
encourage  young  post  doctoral  scholars  to 
continue  their  research  at  the  Laboratory 
with  internationally  recognized  experts  in 
their  fields. 

One  such  program  is  the  National  Re¬ 
search  Council  Post  Doctoral  Associate- 
ship.  Through  this  program,  candidates 
receive  one-year  appointments  (with  an 


opportunity  to  renew  for  one  additional 
year)  as  regular  or  senior  appointees. 
Recently,  there  have  been  four  or  five 
such  appointees  at  AFGL  each  year,  in¬ 
cluding  both  United  States  and  foreign 
citizens. 


Iir  M.  Susan  (jussen)i(>ven  (left)  and  I>r. 

David  .V.  Hardy  (cenltT).  physicists  in  the 
Space  [’hysics  [livision,  and  .Mr.  Krnest 
Huieman.  .-tFGI,  contractor,  shown  liere 
with  .XFGD  Vice  Commander  Col.  .lames  K. 
McDonoutrh,  won  the  [.ahoratory’s  .Marcus 
D,  O'Day  .\ward  for  their  statistical  study  of 
auroral  electron  precipitation,  in  which  they 
analyzed  over  It  million  electron  spectra. 

Il'S.AF  photo  hy  Joseph  I’utrlielli). 

The  AFGL  Geophysics  Scholars  Pro¬ 
gram  was  initiated  in  the  fall  of  1982.  This 
program  also  awards  one-year  fellowships 
which  can  be  renewed  for  an  additional 
year.  It  is  open  only  to  citizens  of  the 
United  States  and  is  designed  primarily  to 
attract  young  scientists  with  newly 
awarded  doctoral  degrees  and  little  or  no 
nonuniversity  experience.  Geophysics 
Scholars  have  numbered  eleven  to  thir¬ 
teen  over  the  past  two  years  and  have 
come  from  universities  across  the  coun¬ 
try.  The  contributions  of  these  young  men 
and  women  scientists,  along  w'ith  the  ideas 
and  enthusiasm  they  bring  with  them,  are 
readily  ap[)arent  and  stand  out  as  exam¬ 
ples  of  the  program’s  succe.ss. 


Other  programs  in  which  the  Laborato¬ 
ry  participates  are  the  USAP"  Summer 
PLiculty  FTogram  and  the  Graduate  Stu¬ 
dent  Summer  Support  Program  adminis¬ 
tered  by  the  .\ir  Force  Office  of  Scientific 
Research.  Qualified  faculty  members 
from  universities  across  the  country  work 
at  Air  Force  laboratories  during  the  sum¬ 
mer  months.  .4FGL  h:is  benefited  from 
twelve  to  fourteen  such  appointees  each 
summer  during  the  past  two  years.  Two 
of  the  198(1  Nobel  laureates  in  chemistry 
were  formerly  sponsored  by  AFGL:  Pro¬ 
fessor  John  Polanyi  and  Professor  Dudley 
Hershbach.  Six  graduate  students  were 
also  working  on  research  topics  of  interest 
to  the  Air  Force  during  the  summer  of 
1986. 

In  response  to  Air  Force  concerns  about 
a  projected  shortfall  in  scientists  and  engi¬ 
neers  because  high  school  students  no 
longer  seemed  to  be  preparing  for  techni¬ 
cal  careers,  the  Laboratory  initiated  a 
high  school  apprenticeship  program  in 
1985.  Seven  students  from  area  high 
schools  served  eight-week  apprenticeships 
under  Laboratory  mentors  in  each  of  the 
last  two  years.  After  learning  FORTRAN 
and  how  to  program  the  VAX  780,  the 
apprentices  contributed  to  such  Laborato¬ 
ry  programs  as  short-term  high  accuracy 
weather  forecasts,  an  interactive  weather 
display  system,  and  the  analysis  of  dai  i 
for  the  Defense  Meteorological  Satellit. 
Program. 

The  Laboratory  sponsored  twenty-one 
workshops  in  the  reporting  period  in 
which  scientists  from  the  other  services, 
government  agencies,  universities,  and 
private  contractors  joined  the  AFGL 
staff  to  exchange  information  and  plan 
research  on  topics  of  mutual  interest. 
These  include  the  Infrared  Information 
Symposium,  the  Interactions  Measure¬ 
ment  Payload  for  Shuttle  (IMPS)  Experi- 


nuMilers  Workin.u'  (iruup.  tin'  AFCIL 
DARI’A  XiK'leur  Tost  ITui  Moiiitofinp' 
Rosotirolt  (ii-oiip.  tho  rSAP'  Mososotilo 
Toohnioal  K\ohan^''o  (tianip,  tho  Smoko 
ttnil  Aorosol  Working  (icoiip  of  tho  Joitil 
Toohtiioal  ('oordiiititinjj:  (Irotip  t'oi'  Mimi- 
tioii  Kft'ooti\oiioss.  tuiil  tho  Noiitral  Parti- 
olo  Ro;im  Thoofv  Mootinp;.  As  tho  tochiii- 
oal  ti^ont  of  tho  1  )op;irlmont  of  Oofoitso 
for  atmosphorio  trtmsmission  oodos,  tlio 
Ltihortiiorv  oondnots  annual  Tri-Sorvioo 
Roviow  conforonoos  on  tiimosidiorio 
trtinsmission  modols  and  ^ivos  an  tinmitd 
workshoji  on  tho  oodos  ;it  Writi'ht-Ptittor- 
son  Air  Foroo  Haso.  Tho  laihoratorv  tdso 
oondnots  :m  :innii:d  Tri-Sor\ioo  Cloud 
Modolin^  Workshop  to  ovaltiato  the  of- 
foots  of  oloiids  on  vvotipon  systems  ;md  to 
inooi'iiortito  olotid  effects  into  war  ^ttmes. 
Ill  tho  Atmosphorio  Soiences  Divi¬ 

sion  ymve  ;i  tutoritil  on  cloud  simulation 
and  oloud-free  lino-of-sijrht  modeling  for 
the  Strateydo  Defense  Initiative  ()ry’'<uii- 
/.ation.  Tho  Pairth  Sciences  Division  spon¬ 
sors  tin  annual  (Iravity  Crafliometer  Con¬ 
ference  at  the  Air  Force  Academy  with 
reiiresentatives  from  the  Deptirtment  of 
Defense,  N'.\S.-\.  industry,  tind  tmiversi- 
ties, 

ANNUAL  BUDGETS 

The  annual  hudp’’ets  for  the  two  years 
covered  in  this  report  are  shown  in  the 
aooomptuiyint:  table.  The  totals  include 
salaries,  eijuipment,  trtivel,  supplies,  com¬ 
puter  renttd,  and  those  funds  ttointt  into 
oontrtict  research.  TIu'  Itirtrest  expi'iidi- 
ture  is  for  contract  research  tind  develop¬ 
ment. 

Funds  roi-eivod  from  .\P’(;L's  higher 
hoadipjarters.  the  H(^  .\P'SC  Director  of 
Science  tmd  Technology  (DFl,  and  to  ti 
lessor  extent  those  received  from  ,\FSC 


orjraniztilions  other  tlnin  he:ukiuarters, 
are  used  to  conduct  continuinjt  prottriims. 


I.l  (icn  .Miiysiiis  (t.  I'ascy,  Spucc  Pivisioii 
('onmiaiiilcr  as  of  OcIoIkt  Ittsii.  tours  tlu' 

.\F(il.  iiiacliiiic  shop,  uhicli  .siipjiort.s  the 
I.alioratory  s  scicinific  [iroirrams.  Mr, 

(icortre  Trainer.  Chief  of  tlie  Fal>riealion 
.seetion.  trreeis  liiin.  as  .Mr.  Cornelius  Kej'an. 

Chief  of  Operational  Services,  looks  on, 

.•\P'CiL  receives  support  from  the  Flec- 
tronic  Systems  Division,  the  host  orffani- 
zation  ;it  Hanscom  .-XFB.  in  accounting:, 
personnel,  procurement,  security,  civil  en- 
Kineerinpr,  and  supply.  Holloman  .AFB, 
New  Mexico,  provides  services  to  the 
.\PXjL  Balloon  Detachment.  .AFGL  sup¬ 
ports  two  tlivisions  of  the  Rome  Air  Devel¬ 
opment  Center  at  Hanscom  AP'B  in  the 
tiretis  of  the  Resetirch  Liltrary,  labortitory 
materitils  needed  for  the  electronic  tech- 
nolotry  mission,  the  comitiUer.  technical 
photojrraphy.  mechanical  and  electrical 
entrineerinp,  hihortilory  layouts,  electronic 
instrumenttition.  tint!  woodworkiiiff. 

.\FCL  contnicts  are  monitoreti  hy  scien¬ 
tists  who  are  themselves  active,  jiartici- 
paliiiff  researehers,  and  who  phui  the  re¬ 
search,  organize  the  proffnim,  interpret 
the  results.  :ind  share  the  workload  of  the 
actual  research. 
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TABLE  1 

SOURCES  OF  AFGL  FUNDS 
FISCAL  YEARS  1985  -  86 


FY  as  ($M) 

FY  86  (SM) 

Air  Force  Systems  Command-DL 

60.2 

60.9 

Air  Force  Systems  Command-Other  than  DL 

5.5 

8.5 

Defense  Nuclear  Agency 

1.4 

0,3 

Defense  Mapping  Agency 

4.8 

4.6 

Defense  Advanced  Research  Projects  Agency 

2.8 

3.5 

Other  Defense  Agencies 

19.0 

16.4 

Other  Govt  Agencies 

03 

QJ 

94.2 

94.4 

FIELD  SITES 

AFGL  launched  34  research  balloons 

AFGL  operates  several  field  sites,  the 
largest  of  which  is  the  Ground-Based 
Remote  Sensing  Facility  in  Sudbury,  Mas¬ 
sachusetts.  Here  four  meteorological  ra¬ 
dars  and  data  acquisition  and  processing 
equipment,  including  Perkin-Elmer  3242 
and  Digital  VAX  11/750  computers,  sup¬ 
port  a  variety  of  meteorological  inves¬ 
tigations. 

In  New  Mexico,  AFGL  operates  a  bal¬ 
loon  launch  site  at  Holloman  AFB  and 
maintains  the  Solar  Research  Branch  (sev¬ 
en  scientists)  of  the  Space  Physics  Divi¬ 
sion  at  the  Sacramento  Peak  Solar  Obser¬ 
vatory,  Sunspot. 

At  Goose  Bay  Station,  Labrador, 
AFGL’s  Goose  Bay  Ionospheric  Laborato¬ 
ry  studies  subarctic  events,  including  the 
aurora  and  polar  cap  absorption  of  high- 
frequency  radio  waves. 

AFGL  carries  out  field  tests  at  a  num¬ 
ber  of  military  installations,  including 
Sondrestrom  AFB,  Greenland,  and  the 
White  Sands  Missile  Range,  New  Mexico. 
In  addition,  the  Poker  Flat  Research 
Range,  Alaska,  and  commercial  airports 
are  also  used. 


during  1985-86  from  its  permanent  bal¬ 
loon  launch  facility  at  Holloman  AFB. 
New  Mexico,  and  from  temporary  sites 
at  Roswell,  New  Mexico,  Ramona,  Cali¬ 
fornia,  and  the  Utah  Test  Range.  Thir¬ 
teen  of  these  flights  were  tethered  bal¬ 
loon  missions. 

During  a  series  of  landmark  tethered 
operations,  an  AFGL  100,000  cubic  foot 
aerostat  was  flown  at  a  record-breaking 
altitude  of  22,500  feet  above  sea  level.  It 
carried  a  target  for  a  small,  radar-guided 
missile.  Flying  on  a  4-mile  long  tether 
anchored  to  a  tank,  the  aerostat  was 
safely  towed  over  the  desert  to  change  the 
position  of  the  target. 

Free  balloons  launched  from  remote 
sites  to  fly  in  the  stratosphere  over  speci¬ 
fied,  limited  test  areas  were  also  success¬ 
fully  flown  for  the  SCRIBE  99  and  KES¬ 
TREL  programs.  Both  payloads  had  pre¬ 
cise  pointing  platforms  controlled  by  radio 
command. 

AFGL  conducted  test  and  experimental 
balloon  missions  for  Space  Division,  the 
Electronic  Systems  Division,  the  U.S. 
Army,  U.S.  Navy,  U.S.  Marine  Corps,  the 


Ill 


Hcti'iise  A^''fiuy.  tlif  OolViise 

CoinmunicatiDiis  A^ftK-y.  NASA,  and  snv- 
fcal  universilit's. 

In  .■'I nuidin,!:;  nickol.s 

wiTf  laiuudu'd  in  siipiiurt  nt’  .AFdL  .'^cien- 
tist.N.  Four  t'liydUs  wm-i'  lolally  succo.-^sful, 
hut  a  \t‘hink‘  s\>lt'in  failed  nn  one.  .Ml 
payload  system^  performed  as  planned. 

Uevelopmmu  of  fmir  sounding;  roeket 
payloads  lieyan  in  IDSli  for  launeh  in  IfIST. 
.Aliout  one  half  the  tetdinieal  (.d'forl  nor¬ 
mally  applit'd  to  researcdi  vidiiek'  work  is 
now  devoifd  to  free-flyinsj;  sjitellite  and 
shuttle  pay |o;id-syslem  iiUi'j^'rtition.  In  the 
reporting  period,  i-\|n‘riments  were  flown 
on  one  free-flyintr  .stitellite, 

TeehnolosxN -hiised  resetindi  h:is  cotUin- 
ued  m  the  tireas  of  mieroproeessor-hased 
tnhiptive  telemetry  systems,  intellijrent 
d;U;i-processor  systems,  ;ind  command/ 
control  systems,  .An  adaptive  controller 
w;i>  developeil  for  list.-  on  (let  -Awtiy  Spe¬ 
cial  shuttle  ptiylotids, 

LIDAR  SOUNDING  LABORATORY 

.VFdL's  laser  sotindinjr  Uilioratory 
(;i,F,\M  (Clrotind-iiased  Lidar  F.xperiment 
for  .Atmospheric  .Metisurements)  htts  been 
used  to  develop  techniques  for  soundin)r 
atniosjiheric  jiroperties.  l)urin>>:  the  p;ist 
two  yetirs,  density  ;ind  temperattire  meas¬ 
urements  h;ive  h('en  made  usiiift  molecu¬ 
lar  sctUterintr.  The  technique  holds  the 
pronuse  of  [trosidiny  remote  metisure- 
ments  of  atmospheric  density  and  temper¬ 
ature  pi-ofiles  which  could  eventually  re¬ 
place  !nost  of  the  current  effort  with 
meteorological  rockets.  .A  tumihle  htser 
has  been  added  to  study  the  sodium  hiyer 
deiiosite(|  hy  iTieteoric  dust  between  SO 
and  ino  km. 

During  the  period,  a  mobile  lidar  sound¬ 
er  lias  been  deveiojied  and  testi'd.  The 
instrurneiii  uas  assenibled  durinp’"  the 


Meliilf  l.rliir  I  nil  at  I’nkrr  Flat. 

Ala.<ka. 

summer  of  1085  and  tested  at  .AFGL.  The 
trailer  was  taken  to  Wallops  Island,  Vir- 
jxinia,  in  September,  1085,  and  the  sounder 
was  used  in  a  meteoroloKical  study.  The 
instrument  was  transported  to  Alaska  in 
January,  108(),  and  obtained  a  database  on 
hitrh-latitude  atmospheric  density  variabil¬ 
ity  to  assist  in  decisions  on  shuttle  reentry 
from  polar  orltit. 

AFGL  COMPUTER  FACILITIES 

.Ah'GL  is  continuinfj  to  update  its  com¬ 
puting:  facilities.  The  former  Computer 
Center,  which  consisted  of  a  iarfje,  cen¬ 
tral-site  processinjt  facility,  has  been  auft- 
rnenled  with  a  broadband  Local  .Area  Net¬ 
work  inttoTonnectintr  the  mainframe  com¬ 
puter  and  numerous  medium-size  virtual 
memory  hosts.  The  hosts  are  a  CDC  Cyber 
18()-S(;o.  a  VAX  8(i.50.  and  a  VAX-1 1/780. 
.A  pilot  network  which  has  been  operation¬ 
al  since  the  sprinft  of  l!)8.‘l  consists  of 
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three  main  host  systems  and  numerous 
intelligent  terminals,  such  as  IBM  person¬ 
al  computers.  Tektronix  color  {jraphic  ter¬ 
minals,  as  well  as  a  number  of  DEC 
VTIOO  and  VT200  type  terr  The 

fully  operational  network  was  imple¬ 
mented  in  December.  198(),  and  is  valued 
at  $19  million. 

A  lontt  ranfte  evolutionary  plan  complet¬ 
ed  dtirinj?  F’Y84  is  being  carried  out  to 
provide  a  migration  toward  an  advanced, 
full  capability  distributed,  multimedia  in¬ 
formation  system.  This  plan  addresses 
future  network  enhancements  and  ser¬ 
vices,  translation  of  future  user  needs  into 
information  system  capabilities,  the  time¬ 


phasing  of  information  systems  growth, 
and  the  identification  and  definition  of 
viable  alternative  information  system  ar¬ 
chitectures  to  meet  the  stipulated  evolu¬ 
tionary  needs.  A  new  plan  is  being  devel¬ 
oped  to  further  respond  to  the  needs  of 
the  AFGL  user  community  for  the  next 
five  years. 

AFGL  RESEARCH  LIBRARY 

The  AFGL  Research  Library  has  the 
largest  and  most  comprehensive  scientific 
and  technical  research  collection  in  the 
United  States  Air  Force.  This  collection  is 
international  in  scope  and  includes  exten¬ 
sive  holdings  in  mathematics,  chemistry. 


The  diverse  eolleetions  of  the  AF'GL  Library  permit  it  to  mount  a  variety  of  exhibits  throughout  the  year.  Here 
Kleanor  fiildersleeve.  Serials  ('ataloguer,  and  Ellen  Dobi,  Chief  of  Reference  and  Circulation  Services,  view  the 
Matthew  Henson  exhibit,  which  presented  the  true  story  of  the  discovery  of  the  North  Role. 
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physics,  astrciphysies,  electronics,  and 
geophysics.  Each  year  the  library  adds 
more  than  2,500  new  titles  to  the  book 
collection.  The  library  also  subscribes  to 
approximately  l.SOl)  current  periodical  ti¬ 
tles.  Of  these,  approximately  4,000  vol¬ 
umes  are  bound  each  year  and  added  to 
the  permanent  collection.  Inhouse  and 
contractor  technical  reports  from  AFGL 
and  the  Electronic  Systems  Division  are 
also  maintained,  both  in  paper  and  micro¬ 
fiche. 


In  addition  to  its  collection  of  publica¬ 
tions,  the  library  offers  computer-aided 
literature  searches  of  the  Defense  Techni¬ 
cal  Information  Center’s  (DTIC)  extensive 
files,  as  well  as  many  commercially  avail¬ 
able  databases.  This  service  provides  the 
patron  with  immediate  access  to  millions 
of  citations  from  journals,  books,  reports, 
proceedings,  and  reviews  published 
throughout  the  world. 


II  SPACE  PHYSICS  DIVISION 


The  Space  Physics  Division  conducts 
the  basic  research  and  advanced  develop¬ 
ment  in  the  solar-terrestrial  system  re¬ 
quired  for  the  development  of  the  next 
generation  of  Air  Force  space  systems. 
The  results  are  essential  to  the  design  of 
survivable,  reliable  space  systems  and  to 
the  conduct  of  increasingly  complex  Air 
Force  space  operations.  The  results  are 
applied  directly  to  the  development  of 
space  weather  forecasting  tools,  to  space 
systems  design,  and  to  optimizing  the 
performance  of  command,  control,  com¬ 
munication,  and  intelligence  systems. 

The  sun  is  the  primary  source  of  energy 
in  the  solar-terrestrial  system.  Under¬ 
standing  the  physical  mechanisms  respon¬ 
sible  for  solar  emissions  is  essential  to  the 
success  of  the  Air  Force  space  mission. 
The  Solar  Research  Branch  of  the  Space 
Physics  Division  studies  fundamental  so¬ 
lar  processes,  including  the  emission  of 
electromagnetic  radiation,  energetic  pro¬ 
tons,  cosmic  rays,  and  the  solar  wind. 
Solar-particle,  plasma,  and  electromagnet¬ 
ic  emissions  determine  the  characteristics 
of  the  interplanetary  medium:  the  solar 
wind  and  the  interplanetary  magnetic 
field.  The  solar  wind,  in  turn,  is  a  major 
determinant  of  the  shape  and  size  of  the 
magnetosphere-ionosphere  cavity  (see  the 
figure),  and  of  the  energetic  particle  con¬ 
tent  of  the  magnetosphere.  The  solar  flare 


It; 


is  llie  most  slrikino  oxample  of  solar 
(listiirbaiicos  whicli  can  produce  cata- 
slrttphic  effects  ue  Mr  Force  space  sys¬ 
tems.  Exciting  result.^  Iiave  been  achieved 
from  the  solar  experiments  on  Spacelab  2. 
including  a  new  understanding  of  granula¬ 
tion  in  solar  magnetic-field  regions  and 
the  nature  of  large-scale  solar  motions. 

Most  -Air  Force  space  operations  are 
carried  out  within  the  ionosphere-magne¬ 
tosphere  system,  as  shown  in  the  figure. 
The  outer  boundary,  the  bow  shock,  is 
located  approximately  10  earth  radii  up¬ 
stream  from  the  earth  tdong  the  sun-earth 
line.  The  inner  boundary  is  identified  as 
the  base  of  the  ionospheric  E-layer  at 
iipproximately  100  km.  Within  this  sys¬ 
tem,  regions  of  gretit  importtince  to  Air 
Force  operations  tire  the  earth's  radiation 
belts  and  the  high-latitude  regions,  includ¬ 
ing  the  auroral  zone  and  polar  cap.  The 


performance  of  Air  Force  spaci-  systems 
is  [irofoundly  affected  by  energetic  parti¬ 
cles  found  in  the  Earth's  magnetosphere. 
For  example,  these  jiarticles  can  seriously 
degrade  electronic  components  or  cause 
single  event  upsets  (SEE's).  On  both  the 
surface  and  interior  of  spacecrtift  they  can 
tdso  cause  chtirging  and  discharging  of 
materials  which  couple  to  spacecraft  elec¬ 
tronics.  Unusually  high  particle  fluxes 
generate  a  radiation  hazard  for  manned 
spaceflight  and  can  interfere  with  high- 
frequency  radio  communications  in  the 
Earth's  polar  regions. 

To  address  these  problems,  the  Space 
Physics  Division  is  studying  the  processes 
governing  the  energetic  particle  environ¬ 
ment,  beginning  with  the  origin  of  the 
particles  in  the  solar  atmosphere,  their 
travel  through  the  interplanetary  medium, 
their  acceleration  in  the  Earth’s  magneto- 
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sphere,  and  their  effects  on  space  systems 
and  the  ionosphere.  Much  of  the  recent 
work  has  focused  on  forming  an  integrat¬ 
ed  picture  of  this  process,  combining  the 
results  of  solar-flare  research  with  solar 
wind  and  magnetospheric  models  to  pro¬ 
vide  a  more  complete  specification  and 
new  analytical  representation  of  the  dy¬ 
namical  nature  of  energetic  particle  popu¬ 
lations  in  the  space  environment.  The  goal 
of  the  Space  Physics  Division  is  to  develop 
a  capability  to  model,  monitor,  and  predict 
the  behavior  of  the  entire  solar-terrestrial 
system. 

To  carry  out  these  programs,  state-of- 
the-art  space  flight  and  groundbased  diag¬ 
nostics  must  be  developed,  and  analytical 
and  phenomenological  models  of  the  sys¬ 
tem  derived.  During  the  past  year,  18 
spaceflight  instruments  were  delivered  to 
the  SPACERAD/CRRES  (Space  Radia¬ 
tion/Combined  Release  and  Radiation  Ef¬ 
fects  Satellite)  integrator.  A  principal  goal 
of  this  program  is  to  accelerate  the  trans¬ 
fer  of  new  microelectronic  technologies  to 
Air  Force  space  programs.  The 
SPACERAD  satellite  wall  continuously 
traverse  the  earth’s  radiation  belts.  The 
payload  includes  a  wide  range  of  advanced 
microelectronic  devices  and  wave,  particle, 
and  field  sensors.  This  program  wiii  estab¬ 
lish  the  in-flight  performance  of  micro¬ 
electronic  devices,  will  relate  causes  of 
device  degradation  or  failure  to  environ¬ 
mental  conditions,  and  will  generate  the 
first  dynamic  models  of  the  earth’s  radia¬ 
tion  belts. 

The  high  latitude  ionosphere-magneto- 
sphere-thermosphere  region  is  being  in¬ 
tensively  studied  by  means  of  satellites, 
aircraft,  rockets,  and  ground-based  instru¬ 
ments.  The  results  from  Space  Physics 
Division  particles,  fields,  and  plasma  in¬ 
struments  on  the  DMSP  spacecraft  have 
provided  an  important  new  data  source 


for  space  weather  prediction.  Further,  the 
analysis  of  the  flight  results  have  led  to 
significant  discoveries  about  energy  and 
particle  transport  across  the  boundaries 
of  the  solar-terrestrial  regions.  Factors 
contributing  to  large-scale  thermal  plasma 
motions  and  the  production  of  small-scale 
irregularities  w'hich  produce  scintillations 
in  radio  and  radar  signals  have  been 
determined.  The  results  contribute  to  the 
operation  of  Air  Force  communication  and 
surveillance  systems  operating  at  high 
latitudes.  Magnetic  substorms  are  initiat¬ 
ed  when  the  energetic  particles  in  the 
earth’s  plasma  sheet  and  dayside  cusp  are 
suddenly  accelerated  along  open  magnetic 
field  lines  into  the  near-earth  environ¬ 
ment.  Studies  of  ionosphere-magneto¬ 
sphere  coupling  will  lead  to  a  capability 
for  predicting  substorms  and  auroral  and 
polar  cap  ionization.  The  results  will  con¬ 
tribute  to  models  of  satellite  drag,  auroral 
infrared  emissions,  improved  frequency 
management,  and  to  specification  of  con¬ 
ditions  under  w'hich  serious  signal  loss 
and  unacceptable  fade  margins  will  de¬ 
velop  in  high-latitude  communications 
systems. 

More  complex,  larger,  high-powered 
spacecraft  are  planned  for  future  Air 
Force  missions.  The  development  of  our 
understanding  of  the  interactions  between 
space  systems  and  the  environment  is 
crucial  to  the  proper  design  of  these 
systems.  Ongoing  Space  Physics  Division 
basic,  applied,  and  exploratory  research 
and  development  efforts  focus  on  several 
space  systems/environmental  interaction 
problems  including  spacecraft  charging, 
techniques  of  charge  mitigation,  space¬ 
craft  contamination,  spacecraft  signa¬ 
tures,  degradation  of  surface  materials, 
and  on  the  development  of  design  guide¬ 
lines  for  future  space  systems.  Measure¬ 
ments  of  spacecraft  particulates  on 


Shuttle  Mission  (il-C  in  1!*M)  lKi\e  pfovid- 
eil  an  iinportiint  ilatahase  for  testinjx 
shuttle  eontamination  eodt'S  and  foe  as¬ 
sessing  tile  effects  o!'  particulates  on 
space  sensor  perfornianci.'.  Space-sys- 
li'in  environment  a  1-interaction  char^'ine- 
codes  and  larae  spai'e-st riu’ture  models 
have  heen  ileseloped. 

The  Acti\e  Space  I'ixperiment  program 
investigates  the  effects  on  the  en\ iron- 
meiit  of  the  emissions  of  chemictds. 
ua\t'S,  heams,  ;md  hieh-jiower  rf  si^'nals. 
Theoretical  developments  diirine  the  past 
decade  and  advances  in  diagnostic  sensors 
used  to  monitor  the  eiu  ironmetUtd  effects 
produci'd  hy  ai'ti\e  emissions  maki'  acti\e 
experiments  highly  fetisihle.  A  hetim  emis¬ 
sion  rocket  test  (lll'iin'l  was  successfidly 
coniiucted  for  the  study  of  charyted  |i;irti- 
cle-lieam  transport  and  for  detertnination 
of  the  effects  id'  he;im  emission  on  the 
host  \idiicle.  Hitherto  unohserwd  lietmi- 
indticed  w:i\es  were  metisured.  wrnVh  pro¬ 
vided  a  new  tinderstandiny  of  hmini  pro|i;i- 
ytdion  td'fects. 

The  Hivision  program  is  i-arried  out  hy 
nietins  of  in-house  lahoratory  efforts,  an 
extensive  field  proynani.  and  a  hrmul  con- 
trtictiml  program.  'I'he  field  proyiauns  in- 
\olve  stitellite  e.xperimentjitioti  and  rocket, 
aircraft  and  trround-lnised  investijytitions. 
The  ytotind-hased  pro^rtuii  incltides  sohir 
studies  at  the  Sticramento  Hetik  Ohservti- 
tory  in  New  Mexico.  Hi^hliyhts  of  the 
discoveries  ;ind  advances  in  solar-terres¬ 
trial  physii’s  hy  Space  i’hysics  l)i\ision 
scientists  duriny  the  past  two  yettrs  are 
descrihed  in  the  following:  sections. 

SOLAR  RESEARCH 

Solar  resetiridi  is  performed  \\itlnn  the 
Space  Physics  Itivision  iiy  the  Solar  Ite- 
search  Piramdi.  which  Ims  sole  responsihil- 
it\  within  tim  .\ir  F'orc"  for  develo|)iiny 


new  teclmi(|iies  to  prc-dict  the  occurrence 
id'  ticlivity  on  the  sun.  Its  prinmry  task  is 
to  identify,  predict,  tind  tinderstand  those 
jiltysical  mechanisms  on  the  sun  that 
ctitise  solar  fUires,  hiy:li-speed  solar  wind 
stretims,  and  coronal  nms.--'  ejections,  be¬ 
cause  these  in  turn  produce  yeophysictil 
disturbances  ilnit  disruiit  I )i‘ii;irtment  of 
Defensi-  stUtdlile  systems  and  aircrtift  op- 
ertitinyt  in  tlu-  space  environment. 

The  Sohir  Iti'scarch  Mraiich  tilso  lias 
protrrams  to  improve  oui‘  tinderstamlint: 
of  biisic  solar  phenomemi  throuyh  space 
based  observtilions.  iimijyi’  enhancement. 
;ind  oliservations  of  solar-like  sttirs. 
Ihainch  personnel  ptirticipated  in  N’.\S,\'s 
Spiicelab  2  mission  :ind  are  co-investipm- 
tors  on  NASA's  Sunitib  (the  nd'lipht  of  the 
solar  instruments  from  Spacelab  2l  tind 
Hiyli  Resolution  Solar  Observtitory 
(HRSO)  missions.  In  addition,  several  ex¬ 
periments  have  been  proposed  for  the 
Sptice  Test  I’roprriim  of  the  .Air  h'orce 
Sptice  Division.  These  missions  will  pro¬ 
vide  sohir  dtilti  in  the  x-ray  and  extreme 
ullniviolet  spectnil  retrioiis  whicli  are  un- 
tivailable  from  tlie  ground  but  tire  of 
fundanienltil  importance  to  understiindinp 
sohir  ticiivity. 

Spacelab  2  Results:  One  of  the  most 
excitinjy  (irojects  ctirried  out  by  tbe  Solar 
Resetircli  Ifranch  duriny:  IDSo-P.tSb  was 
helping  to  jihin,  execute,  and  analyze  dtilti 
from  tlie  .'^pticehib  2  mission  (X.AS.A's 
Sptice  ShultU'  h’lipht  .''>1-F,  -Inly  2!t  -  .Au¬ 
gust  ().  Ih.'s.")).  Spacelab  2  ctirried  four  solar 
telescopes  tiinonp  its  payload  of  fourteen 
experhnents.  One  of  these  wtis  the  Sohir 
Optictil  Puivi-rsal  PidarimetiT  (SOI'P) 
built  by  the  Lockheed  Palo  .-\llo  Research 
Ltibortitory.  Sohir  Research  Hrtinch  scien¬ 
tists  htive  been  involved  with  this  [iroject 
tis  co-investip:titors  (one  also  as  a  payload 
specitilist  tisironaut)  since  its  inception  a 


decade  earlier  iti  1!)77.  SOUP  contains  a 
dO-cm  t'assejrrain  telescope,  an  active  sec¬ 
ondary  mirror  tor  image  stabilization,  and 
a  white-light  oj)tical  system  with  dd-mm 
film  and  video  cameras.  SOUP  was  de¬ 
signed  to  study  granulation,  sunspots, 
magnetic  fields,  and  velocity  fields  in  the 
photosphere.  These  data  are  diffraction- 
limited  at  I)..’)  arcsecond  resolution  and  are 
free  of  distortions,  h'or  most  of  the  data 
the  interval  between  exposures  was  2 
seconds.  Data  analysis  is  still  in  i)rogress, 
hut  [ireliminary  results  have  showti  many 
interesting  and  unexpected  features; 

1.  Oranulation  -  It  was  determinetl  that 
granules  (tiny  bubble-like  convection  cells) 
in  magnetic  regioiis  (sunspots,  pores,  and 
network  boundarii's)  are  very  different 
from  granules  in  the  (juiet,  undisturbed 
sun.  They  differ  in  size,  rate  of  intensity 
variation,  and  es'olution.  Movies  show  that 
the  shapes  of  very  small  magmdic  pores 
embedded  in  the  granuhition  are  irregu¬ 
lar.  scallojied,  and  rapidly  changing  as 
they  attempt  to  maintain  their  structure 
against  the  encroachment  of  turbulent 
surrounding  granules.  Spacelab  2  movies, 
which  [irovide  the  first  undistorted  histo¬ 
ries  of  granule  evolution,  have  led  to  the 
discovery  that  more  than  half  of  all  gran¬ 
ules  die  a  violent  death  -  they  don't  just 
•  luietly  fade  away.  Uither  they  expand 
until  they  reach  a  critical  size  and  expkxie 
into  many  tiny  fragments,  or  they  are 
destroyed  by  a  nearby  explosion.  The 
movie  also  shows  that  granular  lifetimes, 
which  can  be  used  to  measure  the  effec¬ 
tive  diffusion  constant  associated  with 
convection,  are  much  longer  in  regions 
with  strong  magnetic  fields. 

2.  Large-scale  F'lows  -  Normally,  mo¬ 
tions  on  the  sun  are  measured  by  the 
Doi)pler  effect.  Since  the  Dopjtler  effect 
measures  oidy  line-of-sight  vcdocities, 
however,  it  cannot  be  used  to  determine 


horizontal  motions  at  disk  center.  The  only 
way  to  observe  such  flows  is  through 
[)roper  motion  studies  using  solar  features 
as  tracers.  Granules  are  the  obvious 
choice  as  tracers  of  photospheric  flows, 
but  liecause  of  their  small  size,  coupled 
with  the  blurring  and  geometric  distortion 
due  to  atmospheric  turbulence,  they  have 
proved  to  be  extremely  difficult  to  use  in 
earlier  ground-based  observations.  During 
its  10  minute  lifetime,  a  tyi)ical  granule 
might  move  only  a  few  hundred  kilome¬ 
ters,  about  O.d  arcsecond,  which  is  much 
less  than  the  size  of  the  random  fluctua¬ 
tions  caused  by  atmosjjheric  seeing,  even 
under  the  best  conditions.  Now,  however, 
with  the  high-(]uality  distortion-free  movie 
seiiuences  from  SOl'P,  it  is  possible  to 
measure  granulation  i)roper  motions  with 
high  accuracy. 


.Map  ShllwiIl^r  t)if  .Avcrairi'  Displacinu'iit  nf 
tin-  hiir.il  ( IramilalioM  I’attfrii  Siipcrinipiistai 
on  Iniau^'  of  .Sun.'^pot  I{i-j;ion. 

Radial  outflow  of  the  granulation  from 
a  sunsi)ot  has  heen  a  striking  new  discov¬ 
ery.  Movies  temporally  filtered  to  sup¬ 
press  the  ')  minute  oscillations  show  the 
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(nniiuii  must  clcacly  and  alluw  an  eslimatf 
nf  llif  vfldriUcs  (if  individual  j^ranuk's, 
wliicli  l>iiivally  rany^(‘  from  d.d  lo  1.0  km 
jicr  st'ciind.  The  nutward  mulimi  may  ku 
upward  (•(Ui vcct imi  ilcfU'vlud  by  thu 
ma>rm‘tiv  t'ivid  nf  (hv  sunsiKit.  These 
measurenumts  simuld  liu  an  importatU 
|•(lntrillu^i(ln  tn  itu'iirctival  modtds  of  tlm 
sun.-^pot  pmiumhra  and  it.-^  (.'ffucl  on  photo- 
.'^pl'K.'ric  coiivoclion.  Besides  the  eonslanl 
advecUoti  of  trranules  away  from  the  spot 
lioundary.  there  are  also  a  numhi'r  of 
hriydit  ejections  from  tlie  penumhra  which 
travel  at  2-d  km  per  second.  These  hijxh- 
speed  events  seem  to  be  associated  with 
elongations  of  the  penumbral  filaments. 
Local  cortadation  trackintr  techniques 
ha\’e  been  Used  to  obtain  ()uantitative 
information  about  the  flow  field.  At  each 
pixel  in  the  imayo',  the  displacement  be¬ 
tween  successive  frames  is  measured  by 
cross-corndation  between  successive 
frames  of  (he  movie  v\i(fiin  a  arcse- 
ciinil  window  centered  on  the  pixel.  The 
\i‘ctor  displacements  from  many  compari¬ 


sons  are  used  to  produce  an  avei’a^v 
displacement  map:  an  example  is  shown 
overlaid  on  the  sunspot  imatte  in  the 
fipiure. 

The  correlation  trackintt  techni(]ue  also 
reveals  larger  scale  flow  fields.  In  addi¬ 
tion  to  the  diverging  flow  from  the  sun¬ 
spot  in  the  figure,  there  are  many  areas  in 
the  (juiet  granulation  pattern  which  are 
loci  of  inflow  (sinks  or  sources).  Most  of 
the  40  X  40  arcsecond  region  of  ([uiet  sun 
used  for  the  study  of  exploding  granules 
is  shown  in  the  next  figure,  overlaid  by 
the  average  flow  field.  Typicid  velocities 
are  in  the  range  of  O.d-O.T  km  jier  second. 
The  large-scale  flow  fields,  both  as  ob¬ 
served  visually  from  the  movies,  and 
([uantitatively  from  the  calculated  vector 
displacements,  have  the  proper  size  and 
appearance  of  super  and  mesogranular 
convection  flows.  Mesogramdes,  interme¬ 
diate  in  size  between  granules  and  super¬ 
granules.  have  been  clearly  observed  for 
the  first  time  in  these  Spacelab  2  movies. 
These  flows  can  be  expected,  at  subsur¬ 
face  levels  in  the  sun.  to  move  magnetic 
fields  to  the  cell  boundaries,  and  form  the 
loci  of  the  photospheric  and  chromospher¬ 
ic  networks.  Excellent  ground-based  mag¬ 
netograms  and  chromospheric  spectrohe- 
liograms  from  the  Big  Bear  Solar  Obser¬ 
vatory  taken  simultaneously  with  the 
SOUP  data  have  been  comjiared  with  the 
SOUP  flow'  fields.  They  are  in  perfect 
agreement  and  confirm  at  last,  some  25 
years  after  the  discovery  of  supergranula¬ 
tion,  the  intimate  relation  between  convec¬ 
tion  and  magnetic  forces  in  the  sun. 

2.  Flow  Modeling  -  Efforts  are  in  prog¬ 
ress  to  simulate  the  flow  jiatterns  using 
analytic  axisymmetric  functions  which 
satisfy  the  mass  continuity  etiuation  of  a 
convection  plunu*  in  the  solar  surface.  A 
number  of  such  sources  can  be  used  to 
create  a  regular  cellular  pattern  of  con- 
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Superposition  of  Four  Theoretical  Plume 
Functions  Used  to  Model  the  Flows 
Observed  in  the  Quiet  Sun  (Left:  Horizontal 
Velocities  Associated  with  the  Plumes; 

Rinht:  L'pflows.  Solid  Contours,  and  Down 
Flows  (Dotted  Contours).  Note  the 
similarities  between  the  observed  horizontal 
flows  in  the  preceding  figure  and  the 
computed  flows  shown  here). 

vection.  By  using  the  coordinates  of  the 
distinct  squares  in  the  preceding  figure  as 
the  loci  of  four  plumes,  the  resulting  flow 
pattern  can  be  calculated  according  to  the 
model,  and  it  is  possible  to  mimic  the 
observed  motions  remarkably  well  using  a 
superposition  of  plume  functions,  as  seen 
in  the  next  figure. 

4.  Conclusion  -  These  striking  new  re¬ 
sults  have  been  obtained  from  only  a 
preliminary  analysis  of  a  small  part  of  the 
SOUP  data.  Already,  a  number  of  new 
phenomena  have  been  seen  which  are 
forcing  revisions  to  the  conventional  ideas 
of  the  nature  of  solar  granulation  and  its 
evolution.  It  is  quite  clear  that,  although 
spatial  resolution  was  limited  by  the 
SOUP  telescope’s  small  30-cm  aperture, 
the  absence  of  the  turbulence  found  in  the 
earth’s  atmosphere,  which  always  de¬ 
grades  ground-based  observations,  result¬ 
ed  in  by  far  the  most  outstanding  time 
series  of  solar  granulation  ever  obtained 
and  has  opened  a  new  window  through 
which  to  view  the  sun’s  surface. 


Studies  of  Solar  Coronal  Data;  The 

objective  of  this  Air  h'orce  program  is  to 
improve  our  capability  to  understand  and 
predict  .solar-caused  geophysical  distur¬ 
bances  that  degrade  or  even  disable  some 
Air  P’orce  systems.  Particles  and  electro¬ 
magnetic  emission  from  the  sun  have  been 
shown  to  cause  geophysical  disturbances 
(GD)  in  the  magnetosphere,  auroral  zones, 
upper  atmosphere  and  ionosphere  which 
degrade  Air  Force  systems  that  rely  on 
the  transmission  or  reception  of  electro¬ 
magnetic  radiation,  such  as  communica¬ 
tion,  command,  control,  and  intelligence 
.systems.  The  solar  source  of  GD  often 
either  lies  in  the  solar  corona  and/or 
causes  visible  changes  in  the  corona  that 
can  be  used  to  predict  the  occurrence  of 
GD. 


Dr.  Richard  Altrock  works  at  the  computer 
console  that  controls  the  Emission-Line 
Coronal  Photometer  (ELCP).  (This 
instrument  obtains  the  daily  observations  of 
the  solar  corona  used  to  analyze  solar- 
activity  production  and  to  provide  data  to 
L'SAF  space-environment  forecasting 
centers.  The  ELCP  filters  and  photo¬ 
multiplier  are  in  the  white  box  to  the  upper 
right  of  Dr.  Altrock’s  head.  Light  enters  the 
box  from  the  array  of  distribution  tubes 
above  the  box,  which  in  turn  comes  from  the 
l(i  inch  diameter  Coronagraph  at 
.Sacramento  Peak.) 


A  joint  observational  program  it)  inves¬ 
tigate  coronal  features  was  established 
betwee!!  AFGL  scientists  and  scientists  at 
the  High  Altitude  Observatory  (HAO)  in 
Hawaii.  White-light  (visible  continuum) 
coronal  measurements  from  HAO  were 
combined  with  Ah'OL  measurements  of 
the  emission-line  corona  (spectral  lines 
emitted  from  high  ioni/.ation  stages  of 
coronal  atoms)  made  with  the  Emission- 
Line  Coronal  Photometer  (ELCP)  shown 
in  the  figure.  This  allowed  study  of  the 
temperature  and  density  structure  of  the 
corona.  White-light  intensity  is  proportion¬ 
al  to  the  total  density  of  the  corona  along 
the  line  of  siglit,  while  the  three  emission 
lines  (P’e  X,  Fe  XI\’.  and  Ca  XV)  show  the 


density  in  cool,  average,  and  hot  parts  of 
the  corona,  respectively.  This  data-base, 
covering  an  entire  11-year  solar  activity 
cycle,  is  unUiue  in  the  history  of  ground- 
based  solar  observations.  Photoelectric 
observations  of  this  (]uality,  length,  and 
comprehensiveness  have  never  before 
been  available. 

The  observing  systems  record  the  inten¬ 
sity  of  the  corona  above  the  limb  (edge)  of 
the  sun  by  scanning  detectors  in  a  circular 
path  at  a  given  distance  from  the  limb. 
The  figure  shows  how  scans  covering  a 
lo-day  period  are  joined  together  to  pro¬ 
duce  a  continuous  chart,  which  is  in  turn 
projected  onto  the  surface  of  a  sphere  to 


WHITE  LIGHT,  I  =  F(N) 


FE  X,  T=  I.OMK 


23 


produce  a  synthetic  ima^te  of  the  solar 
disk.  A  separate  image  is  made  for  each  of 
the  four  observing  modes  described 
above. 

Results  from  this  program  are  as  fol¬ 
lows:  (1)  The  bases  of  coronal  streamers 
(elongated  high-density  structures  that 
reach  out  to  the  orbit  of  the  earth  and 
which  may  cause  significant  changes  in 
satellite  drag)  are  easily  seen  near  the 
central  meridian  (the  darkest  non-black 
shading)  in  all  four  modes  of  observation. 
(2)  The  emission-line  images  show  that 
temperatures  from  1.0  to  3.4  million  de¬ 
grees  Kelvin  are  co-spatial  (to  within  the  1 
arc-minute  resolution  of  the  system)  at  the 
base  of  the  streamers.  This  has  important 
ramifications  for  models  of  energy  trans¬ 
port  within  coronal  active  regions.  (3) 
Regions  of  low  density  in  the  corona, 
known  as  “coronal  holes”  because  of  their 
appearance  on  x-ray  images  of  the  corona, 
can  be  easily  identified  in  both  white-light 
and  Fe  XIV  observations.  Since  coronal 
holes  are  known  to  be  the  source  of 
steady-state  high-speed  particle  streams 
(HSS)  in  the  solar  wind,  which  cause  some 
of  the  GD,  these  observations  may  be 
used  to  both  study  this  interesting  phe¬ 
nomenon  and  improve  real-time  predic¬ 
tions  of  the  impact  of  HSS  on  the  earth.  (4) 
Solar  regions  that  produce  the  most  ener¬ 
getic  flares  (which  cause  the  strongest 
GD)  are  covered  by  a  canopy  of  high 
temperature  coronal  material  that  is  easi¬ 
ly  visible  in  the  Ca  XV  observations.  This 
emission,  never  before  seen  with  the  high 
signa!-to-noise  ratio  now  available,  pro¬ 
vides  space-forecasting  centers  with  a 
powerful  tool  for  detecting  the  presence 
of  these  regions  before  they  rotate  onto 
the  solar  disk  and  can  release  their  devas¬ 
tating  radiation  towards  the  earth. 


The  Fe  XIV  green  line  data  have  proved 
useful  for  a  number  of  other  research  and 
forecasting  efforts: 

1.  Coronal  Synoptic  Charts  for  Solar 
Research-AFGL  data  obtained  with  the 
Emission  Line  Coronal  Photometer  have 
begun  to  appear  in  the  form  of  Carrington 
synoptic  charts  (similar  to  a  Mercator 
projection)  in  Solar  Geophysical  Data,  a 
monthly  publication  of  the  National  Oce¬ 
anic  and  Atmospheric  Administration 
(NO  A  A).  Daily  intensity  plots  from  this 
instrument  have  been  published  there 
since  1978,  and  they  will  continue  to  ap¬ 
pear  in  the  daily-data  section  of  the 
Prompt  Reports.  The  synoptic  charts  dis¬ 
play  the  absolute  intensity  of  the  corona 
in  the  green  Fe  XIV  5303  A  line  at  0.15 
solar  radii  (Rq)  above  the  limb  as  a  func¬ 
tion  of  the  day  of  central  meridian  pas¬ 
sage.  Charts  for  both  west-  and  east-limb 
data  are  published  in  order  to  permit 
comparison  of  coronal  evolution  over  two- 
week  periods.  The  data  are  both  contoured 
and  shaded  for  either  detailed  study  or 
quick  determination  of  the  location  of 
active  regions  and  coronal  holes.  Previous 
synoptic  maps,  extending  back  to  1973, 
are  in  press  at  the  National  Center  for 
Atmospheric  Research,  and  will  soon  be 
available  from  the  Solar  Research  Branch. 

2.  Forecasting  Solar  Radio  Flux  -  Coop¬ 
erative  research  between  the  Solar  Re¬ 
search  Branch  and  the  Air  Force  Global 
Weather  Central  Space  Environmental 
Support  Branch  (WSE)  has  shown  that  the 
Fe  XIV  scans  are  useful  for  predicting  the 
solar  10.7  cm  radio  flux.  WSE  is  tasked 
with  making  such  a  prediction  for  1,  2,  and 
3  days  in  advance.  As  a  consequence,  the 
Solar  Research  Branch  now  telecopies  the 
daily  scan  to  WSE  within  an  hour  of  its 
production.  These  timely  data  are  used  by 
WSE  forecasters  to  produce  the  forecast. 
In  addition,  forecasters  use  global  solar 


maps  of  coronal  iiilensily  that  are  telecop- 
ied  from  the  Solar  Research  Branch  to 
predict  pfeomap^netic  disturbances  result¬ 
ing  from  coronal  holes  and  enerp:etic  solar 
active  regions. 

Relating  Coronal  Emission-Line  Tran¬ 
sients  to  Hydrogen  Alpha  Activity  -  In  late 
1982  a  program  was  begun  at  the  Solar 
Research  Branch  to  patrol  for  slow  coro¬ 
nal  transients  in  F'e  XIV.  Over  a  period  of 
2,2  years,  29(1  hours  of  observations  were 
successfully  obtained  on  49  days.  During 
this  period  we  recorded  14  emission-line 
transients  that  were  associated  with  H- 
Alpha  activity  at  the  limb  as  seen  in 
Sacramento  Beak  Observatory  Fdare  Pa¬ 
trol  films,  for  an  average  transient  rate  of 
1.1  per  24  hours.  No  transients  were 
recorded  in  the  first  third  of  1985.  The 
rates  for  1982  and  1984  were  equal,  being 
1.4  transients  per  24  hours.  These  low- 
coronal  transients  were  associated  with 
surges  or  eruptive  prominences  at  the 
limb  92  percent  of  the  time.  On  only  one 
occasion  did  we  observe  a  transient  associ¬ 
ated  solely  with  a  flare.  We  conclude  that 
low-coronal  emission-line  transients  are 
highly  associated  with  the  ejection  of 
chromospheric  matter  into  the  corona,  in 
agreement  with  the  earlier  photographic 
study  of  DeMastus,  Wagner  and  Robinson 
(Solar  Phys.  21,  449,  1972).  This  conclusion 
is  expected  to  help  improve  the  capability 
of  the  Air  Force  to  predict  Coronal  Mass 
Ejections,  which  are  known  to  produce 
adverse  effects  on  Air  Force  systems  if 
they  impact  on  the  magnetosphere, 

4.  Overlapping  Solar  Cycles  as  Discov¬ 
ered  in  Coronal  Fe  XIV  Emi.ssion  -  Investi¬ 
gation  of  the  behavior  of  coronal  intensity 
above  the  limb  in  an  Fe  XIV  emission  line 
obtained  at  the  Solar  Research  Branch 
over  the  last  fourteen  years  has  resulted 
in  the  discovery  of  a  second  set  of  zones  of 
solar  activity  at  high  latitudes  that  paral¬ 


lel  the  Main  Activity  Zones  (MAZ),  which 
l)rogress  from  approximately  20"  latitude 
to  the  equator  over  the  solar  cycle.  Local¬ 
ized  emission  peaks  in  Fe  XIV  5202  A  are 
observed  through  most  of  the  cycle  at 
high  latitudes  in  individual  daily  scans, 
annual  averages,  and  solar-cycle  summary 
plots  of  the  location  of  all  local  maximum 
intensities  at  0.15  (R„)  above  the  limb. 
These  peaks  evolve  slowly  over  a  period  of 
days,  consistent  with  the  rotation  over  the 
limb  of  stable  features,  similar  to  the 
lower-latitude  peaks  that  are  connected 
with  active  regions.  The  high-latitude  cor¬ 
onal  activity  zones  first  appear  at  lati¬ 
tudes  of  70"  to  80",  2-2  years  after  solar 
minimum.  They  evolve  parallel  to  the 
MAZ,  with  the  average  latitude  decreas¬ 
ing  at  a  rate  of  roughly  2"  per  year.  After 
their  appearance,  they  are  })resent  more 
or  less  continuously  until  the  following 
solar  minimum.  As  we  approach  solar 
minimum,  the  high-latitude  coronal  activi¬ 
ty  zones  that  appeared  after  the  begin¬ 
ning  of  Cycle  21  have  monotonically 
evolved  into  the  MAZ  Cycle  22.  It  thus 
appears  that  we  have  evidence  for  parallel 
overlapping  solar  cycles  that  begin  every 
11  years  but  last  for  approximately  19-20 
years.  If  sustained,  this  conclusion  will 
have  a  revolutionary  effect  on  our  under¬ 
standing  of  how  solar  activity  is  created. 

Use  of  Interplanetary  Radio  Scintilla¬ 
tion  for  Geomagnetic  Forecasting;  On 

April  9,  198G,  AFGL  contractor  P.I.  Ber¬ 
nard  V.  Jackson,  University  of  California 
at  San  Diego,  began  sending  forecasts  of 
the  solar  wind  speed  at  the  earth  to  the 
USAF/NOAA  Space  environment  Fore¬ 
cast  Center  in  Boulder,  Colorado.  The 
forecasting  algorithm  was  developed  un¬ 
der  a  contract  awarded  by  the  Solar  Re¬ 
search  Branch.  The  observations  used  to 
produce  the  forecast,  also  supported  by 


the  Solar  Research  Branch,  consist  of 
radio-telescope  recordings  of  the  scintilla¬ 
tion  experienced  by  radio  waves  from 
extra-galactic  sources  as  they  pass 
through  the  turbulent  solar  wind.  Theoret¬ 
ical  and  empirical  studies  of  such  scintilla¬ 
tion  have  shown  that  the  speed  of  the 
solar  wind  can  be  inferred  from  the  obser¬ 
vations.  In  this  manner,  a  daily  map  of 
solar  wind  speeds  at  different  distances 
from  the  sun,  and  at  different  position 
angles  relative  to  the  sun,  can  be  pro¬ 
duced.  Analyses  of  these  daily  “snap¬ 
shots”  are  used  to  detect  the  presence  of 
high-speed  streams  in  the  solar  wind  and 
to  predict  their  impact  on  the  earth.  They 
can  lead  to  geomagnetic  disturbances  that 
produce  adverse  effects  on  Air  Force  sys¬ 
tems.  The  forecast  center  notifies  respon¬ 
sible  parties  of  solar  wind  conditions  for 
their  use  in  operations  planning.  This 
additional  capability  will  produce  a  signifi¬ 
cant  improvement  in  the  ability  of  fore¬ 
casters  to  correctly  forecast  solar  wind 
conditions. 

Solar  Flare  Forecasting:  The  develop¬ 
ment  of  the  techniques  for  predicting 
solar  flares  is  a  major  goal  of  the  flare 
research  conducted  by  the  Solar  Research 
Branch.  The  problem  is  approached  both 
through  studies  of  flare  physics  and  by 
means  of  statistical  methods  that  provide 
objective  forecasts  using  solar  data  that 
are  currently  available  on  a  daily  basis. 
One  method.  Multivariate  Discriminant 
Analysis  (MVDA),  uses  data  collected  by 
the  Air  Weather  Service  Solar  Observing 
Optical  Network  (SOON).  These  data  are 
converted  to  daily  parameters  describing 
active  region  morphology,  dynamics,  rate 
of  growth,  and  magnetic  structure;  once 
in  parameter  form  they  are  applicable  to 
the  MVDA  program  for  deriving  classifi¬ 
cation  functions  on  which  a  forecast  is 


based.  Comparison  with  conventional,  sub¬ 
jective  techniques  shows  the  objective, 
computer-generated  forecasts  to  be  supe¬ 
rior  in  predicting  flare  activity  on  a  24- 
hour  basis.  Further  improvements  will 
depend  on  the  availability  of  more  consis¬ 
tent  input  data  as  well  as  the  inclusion  of 
new  parameters  based  on  the  physical 
processes  and  energy  storage  mechanisms 
of  the  flare  (see  below).  Short-term  (0-30 
minute)  prediction  techniques  rely  on  ear¬ 
ly  recognition  of  the  irreversible  changes 
which  lead  to  the  flare  eruption.  Before 
the  impulsive  release  of  x-ray  and  particle 
emission,  the  actual  flare  onset  is  often 
visible  in  certain  optical  absorption  fea¬ 
tures,  microwave  polarization  characteris¬ 
tics,  and  soft  x-ray  signatures.  Studies 
indicate  that  the  early  detection  of  virtual¬ 
ly  all  major  flares  would  be  possible  if 
optical,  radio,  x-ray,  and  extreme  ultravio¬ 
let  data  were  available  simultaneously. 
Studies  of  the  pre-eruptive  optical  flare 
phenomena  were  successfully  completed 
using  SOON  data;  the  results  are  applica¬ 
ble  to  the  SOON  observing  sequences. 

The  relationship  between  locations  of 
sheared  magnetic  fields  and  sites  of  major 
flare  activity  is  being  investigated 
through  in-house  and  contractual  efforts, 
using  both  theoretical  magneto-hydrody¬ 
namic  (MHD)  models  and  direct  observa¬ 
tions  of  vector  magnetic  fields,  chromo¬ 
spheric  geometry,  and  photospheric  veloci¬ 
ty  fields.  The  association  between  flares 
and  magnetic  shear  is  well  established, 
and  is  readily  interpreted  by  the  MHD 
models  in  terms  of  energy  storage  in  field- 
aligned  currents  driven  by  translational 
motions  of  the  underlying  photospheric 
gases.  Calculations  show  that  storage  of 
energy  sufficient  to  account  for  a  major 
flare  (10E32  erg)  can  be  accommodated  in 
fields  of  approximately  1000  Gauss,  in  a 
volume  appropriate  to  the  observed  physi- 
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uhservf  ihv  critical  dcj^rcc  of  shear  that 
will  lead  to  tlie  flare  instability,  or  "trijj- 
tter." 
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cal  extent  of  the  flare,  when  the  fields  are 
subjected  to  stieari  velocities  of 
lOO-dUO  m  per  second.  An  example  of  a 
typical  flare-active  repnon  is  shown  in  the 
figure,  where  the  motions  of  oppositely- 
poled  sunspots  are  compared  witti  direct 
measurements  of  the  orientation  of  the 
photospheric  ma^nietic  fields.  The  hij^hly 
inclined  (sheared)  matjnetic  fields  near  the 
[)olarity  inversion  line  coincided  with  the 
location  of  the  only  major  flare  activity  in 
this  ref2ion  during  ttie  following  several 
days.  This  work  has  led  to  the  formulation 
of  "shear  index"  parameters,  which  pro¬ 
vide  a  (lu.'ilitative  basis  for  predictions, 
and  which  will  be  applicable  for  inclusion 
in  the  MVDA  statistics  program.  General¬ 
ly.  the  observational  techni(iue  is  applica¬ 
ble  to  the  SOON  observing  sequences,  and 
will  be  useful  in  identifying  locations  and 
magnitudes  of  impimding  flare  activity  on 
time  scales  of  approximately  one  day. 
Much  additional  research,  at  high  spatial 
resolution,  will  be  re<|uired  in  order  to 


Solar  Flare  Processes:  One  of  the  ma¬ 
jor  concerns  of  recent  flare  research  is  the 
transport  and  distribution  of  flare  energy 
with  depth  in  the  solar  atmosi)here.  This  is 
especially  important  in  highly  energetic, 
particle-emitting  flares,  for  which  known 
energy-transport  mechanisms  can  not  ac¬ 
count  for  the  extremely  large  (1()K2!)  eeg 
per  second)  radiative  losses  from  the  deep 
chrotnosphere.  Important  new  informa¬ 
tion  t>n  the  optical  si)ectrum  of  such 
events  has  been  obtained  at  Sacramento 
Peak,  and  has  led  to  the  conclusion  that 
ionization  and  recombination  of  hydrogen 
atoms  is  a  dominant  emission  process  in 
nnmy  cases.  Detailed  measurements  of 
the  radiative  losses  as  a  function  of  time 
have  l)een  compared  with  the  associated 
hard  x-ray  bursts  in  several  flares.  The 
results  show  that  if  downward  streams  of 
high  energy  electrons  are  producing  tlie 
emission  in  the  optical  continuum,  then 
the  optical  source  must  consist  of  an 
overdense  region  in  the  solar  chromo¬ 
sphere.  The  latter  conclusion  may  be  of 
considerable  importance  in  the  interpreta¬ 
tion  of  spatially-resolved  hard  x-ray  struc¬ 
tures  that  are  planned  to  be  observed  on 
future  NASA  missions. 

The  optical  continuum  in  flares  has  been 
shown  to  originate  at  densities  approach¬ 
ing  1()E14  atoms  per  cm  ‘  and  at  tempera¬ 
tures  on  the  order  of  1()E4'’K.  A  diagnostic 
techni(jue  has  been  developed  which  al¬ 
lows  a  direct  measurement  of  the  column 
density  of  second-level  hydrogen  atoms  in 
the  optical  continuum  source.  This  tech¬ 
nique  is  independent  of  atmospheric  mod¬ 
eling  i)arameters  and  jjrovides  valuable 
information  on  the  vertical  extent  of  the 
flare  and  its  relationship  to  emission  in  the 
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hydrogen  Balmer  lines.  Additional  spec¬ 
troscopic  studies  have  succeeded  in  mea¬ 
suring  the  intensities  of  many  lines  of 
neutral  and  ionized  helium  in  energetic 
flares.  These  arise  in  temperatures  2E4  - 
10E5"K.  This  information,  when  combined 
with  measurements  of  the  optical  continu¬ 
um,  leads  to  a  thermodynamic  description 
of  the  lower  atmosphere  in  the  flare,  and 
establishes  important  constraints  on  the 
energy  transport  mechanisms  in  the  flare. 
The  helium  lines  were  al.so  useful  in  deter¬ 
mining  the  upper  limit  of  macroscopic 
electric  fields  in  the  flare  plasma,  as  might 
be  expected  to  be  present  if  magnetic  field 
reconnection  processes  were  occurring  in 
the  same  volume.  An  important  interna¬ 
tional  scientific  conference,  devoted  to  the 
subject  of  the  lower  atmosphere  in  flares, 
was  organized  and  chaired  by  the  Solar 
Research  Branch  and  held  at  Sacramento 
Peak  in  August,  1985. 

The  key  to  understanding  solar  flares, 
as  well  as  other  types  of  solar  activity,  lies 
in  the  evolution  of  the  magnetic  field, 
which  permeates  all  layers  of  the  solar 
atmosphere.  Major  advances  in  future  re¬ 
search  largely  depend  on  improved  spatial 
resolution  of  instruments  and  the  ability 
to  simultaneously  observe  field-plasma  in¬ 
teractions  at  all  heights  in  the  atmo¬ 
sphere.  In  recognition  of  this,  the  Solar 
Research  Branch  has  proposed  the  con¬ 
struction  and  flight  of  the  Solar  Activity 
Measurements  Experiments  (SAMEX), 
which  would  consist  of  a  vector  magneto¬ 
graph,  a  hydrogen-alpha  imager,  and  an 
extreme  ultraviolet  imager  -  all  observing 
at  0.5  arcsecond  resolution.  The  initial 
portion  of  a  concept  study  for  SAMEX  has 
been  completed  and  has  been  briefed  to 
the  Space  Test  Program,  NASA,  and  the 
scientific  community.  Design  studies  for 
the  vector  magnetograph,  extreme  ultra¬ 
violet  optics,  and  detectors  have  been 


accomplished  under  contract.  A  related 
effort  in  setting  up  a  prototype  vector 
magnetograph,  for  ground-based  observa¬ 
tions  at  Sacramento  Peak,  is  being  funded 
under  the  Air  Force  University  Research 
Initiative  program. 

Origins  of  Solar  Activity:  Improving 
the  Air  Force’s  ability  to  predict  when  and 
where  activity  will  occur  on  the  sun  re¬ 
quires  an  understanding  of  the  physical 
mechanisms  that  lead  up  to,  and  trigger, 
the  activity  processes.  The  interactions 
between  solar  magnetic  fields  and  dynam¬ 
ical  processes  such  as  convection,  rota¬ 
tion,  and  oscillations  are  the  drivers  of 
solar  activity  and  variability.  The  Solar 
Research  Branch  has  an  active  in-house 
and  contractual  research  program  to  un¬ 
derstand  these  interactions,  both  on  the 
small  scales  important  to  the  local  build¬ 
up  and  release  of  energy  in  flares  and  on 
global  scales  that  generate  and  drive  the 
overall  magnetic  structure  of  the  sun, 
leading  to  solar  activity  cycles.  The  past 
two  years  have  seen  a  significant  improve¬ 
ment  in  the  database  used  for  these  stud¬ 
ies  because  of  the  observations  from  Spa- 
celab  2  discussed  above  and  from  applica¬ 
tion  of  image-enhancement  techniques  to 
ground-based  observations. 

The  mechanisms  that  heat  the  solar 
atmosphere  provide  the  energy  to  acceler¬ 
ate  the  solar  wind,  and  supply  the  energy 
released  in  flares  and  other  activity  pro¬ 
cesses  are  still  not  understood.  Waves 
that  propagate  through  the  solar  photo¬ 
sphere  and  deposit  their  energy  in  higher 
atmospheric  layers  are  one  possible  heat¬ 
ing  mechanism.  Observing  these  waves 
from  the  ground  is  extremely  difficult 
because  image  motion  caused  by  atmo¬ 
spheric  seeing  introduces  a  large,  random 
component  in  the  solar  signal.  Taking 
advantage  of  the  progress  made  in  active 


solar  imajjintr  durinj;  the  last  few  years, 
we  used  an  a^ile  mirror  to  feed  a  stabi¬ 
lized  solar  ima^e  into  the  echelle  spectro- 
trraph  at  the  Sacramento  Peak  vacuum 
tower  telescope.  The  aftile  mirror  is  a 
rapidly  tiltable  mirror  that  can  be  locked 
onto  a  solar  feature,  such  as  a  sunspot  or 
pore,  usinp:  an  error  sipfiial  pfenerated  by  a 
cjuadrant  detector.  Thus,  when  the  earth’s 
atmosphere  produces  a  motion  of  the  im- 
aye,  the  agile  mirror  is  quickly  tilted  to 
compensate  and  the  image  passing  into 
the  spectrograph  does  not  move,  FVorn  the 
stabilized  spectral  time  sequence  gen¬ 
erated  in  this  manner,  the  motions  in  the 
solar  atmosijhere  can  be  followed  as  a 
function  ol  lime  and  height.  Using  the 
agile  mirror  has  permitted  the  direct 
measurement  of  the  acoustic  flu.x  in  the 
solar  photosphere  out  to  frequencies  of 
about  40  Hz.  Previous  measurements 
made  without  image  stabilization  are  cut 
off  by  the  earth's  atmosphere  for  freiiuen- 
cies  above  about  12  Hz.  The  measured 
acoustic  flux  is  sufficient  to  account  for 
the  heating  in  the  lower  solar  atmosphere. 
How  this  flu.x  changes  in  the  presence  of 
magnetic  fields  and  to  what  heights  it 
penetrates  into  the  atmosphere  before 
depositing  its  energy  is  the  subject  of 
ongoing  research. 

To  aid  in  interpreting  the  observations 
of  solar  processes,  the  Solar  Research 
Branch  is  performing  theoretical  studies 
of  the  effects  of  motions  and  magnetic 
fields  on  spectral  lines  formed  in  the  sun’s 
atmosphere.  Earlier  work  investigated  the 
effect  of  monofrequency  acoustic  waves 
on  solar  line  formation.  In  1985-86  this 
work  was  extended  to  study  numerically 
the  effects  of  acoustic  wave  packets  on 
solar  lines  and  to  compare  analytically  the 
effects  of  gravity  waves  and  acoustic 
waves.  The  acoustic  wave  packets  produce 
measurable  asymmetries  in  the  solar 


lines,  but  can  not  i)roduce  enough  line 
broadening  to  account  for  the  widths  of 
the  solar  line  profiles.  Gravity  waves  are 
more  efficient  at  broadening  the  solar 
lines.  These  theoretical  calculations  indi¬ 
cate  that  waves  will  produce  observable 
effects  and  they  permit  us  to  interpret  the 
observations  discussed  above  as  propagat¬ 
ing  acoustic  waves.  Further  work  is  need¬ 
ed  to  make  quantitative  measurements  of 
the  energy  flux  being  carried  by  the 
waves  and  to  determine  how  the  wave 
energy  is  converted  to  atmospheric 
heating. 

High  Resolution  Imaging;  Much  of  the 
physics  leading  to  solar  activity  occurs  on 
spatial  scales  that  are  often  too  small  to 
resolve  from  the  ground  because  of  image 
degradation  caused  by  the  Earth’s  atmo¬ 
sphere.  Aside  from  moving  the  telescope 
to  space,  which  is  costly  and  reduces  the 
flexibility  of  the  instrument,  there  are 
several  ways  of  improving  the  image  from 
the  ground.  The  solar  imaging  effort  has 
focused  on  the  development  of  a  real-time 
adaptive  optics  system  and  on  post-facto 
speckle-imaging  techniques. 

Speckle  imaging  (SI)  is  a  technique  for 
recovering  image  information  by  post- 
facto  processing  of  multiple  high-speed 
exposures  of  the  target.  Three  such  tech¬ 
niques,  known  as  the  Labeyrie  technique, 
the  Knox-Thompson  technique,  and  Speck¬ 
le  Masking  have  been  investigated.  While 
the  first  technique  recovers  the  Fourier 
modulus  (or,  equivalently,  the  autocorrela¬ 
tion)  of  the  target  only,  the  latter  two  also 
recover  Fourier  phases  and  therefore  per¬ 
mit  “true”  image  reconstructions  to  be 
made. 

The  study  of  these  techniques  has  been 
e.xtremely  successful.  One  of  the  major 
problems  associated  with  the  application 
of  SI  techniques,  the  proper  calibration  of 
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reconstructed  Fourier  amplitudes  without 
a  suitable  reference  source,  has  been  ade¬ 
quately  solved  by  a  technique  that  ex¬ 
tracts  information  on  the  status  of  the 
earth’s  atmosphere  directly  from  the  data 
and  then  applies  a  suitable  model  transfer 
function  to  the  Fourier  amplitudes.  The 
implementation  of  both  the  Knox-Thomp- 
son  and  the  Speckle  Masking  techniques 
led  to  successful  reconstructions  of  solar 
surface  detail. 

A  substantial  amount  of  data  was  ana¬ 
lyzed  using  the  Knox-Thompson  technique 
in  particular.  We  found  that,  under  aver¬ 
age  seeing  conditions  (1.5  arc  sec),  resolu¬ 


tion  could  be  increased  by  a  factor  of  3  to 
4  in  the  reconstructions,  and  essentially 
diffraction-limited  performance  (less  than 
0.2  arcsecond)  is  obtained  when  seeing  is 
sub-arcsecond.  By  analyzing  multiple  se¬ 
quences  of  frames,  a  time  series  of  recon¬ 
structions  could  be  produced  which  allows 
the  study  of  dynamical  processes  at  sub- 
arcsecond  scales. 

An  example  is  shown  in  the  figure.  The 
picture  at  the  top  left  is  a  typical  input 
frame.  It  shows  solar  granulation  in  a  4  by 
4  arcsecond  field.  The  typical  rms  contrast 
of  such  a  picture  would  be  4  percent  and 
the  distorting  influence  of  seeing  is  clear- 


Tvpical  Single  Exposure  of  Solar  Surface  (a):  Average  of  HO  Frames,  or  Equivalence  of  18  Second  Exposure  (b); 
Two  Speckle  Reconstructions  Based  on  oO  Frames  Each,  Separated  by  30  Seconds  (c,  d). 


ly  visible.  The  picture  to  the  top  rij^ht 
shows  a  .10  frame  ;iverap:e,  eciuivaleut  to 
an  IS  sec  e\[)osure.  Here,  all  iitformation 
on  structure  smaller  than  roughly  1  arc- 
sec  has  disaitpeared.  The  typical  rms  con¬ 
trast  of  such  a  picture  is  'A  percent,  indicat¬ 
ing  the  loss  of  power  in  comparison  to  a 
single  exposure.  The  two  pictures  at  the 
bottom  are  reconstructions  obtained  from 
50  frame  averages  and  represent  the  first 
and  the  second  half  of  a  data  set  of  100 
frames.  The  resolution  is  ;it  the  diffraction 
limit  of  the  NSO  vacuum  tower  telescope 
(0.10  arc  sec  at  5S5  nm).  The  typical  rms 
ctmtrast  of  such  a  reconstruction  is  15 
percent.  Note  the  isolated,  bright  feature 
slightly  above  and  to  the  right  of  the 
center  of  the  reconstructions,  which  is  just 
barely  visible  in  the  sample  frame  and  is 
completely  gone  in  the  average  picture. 
The  difference  between  the  two  recon¬ 
structions  reflects  fine-structure  evolu¬ 
tion  as  well  as  errors  in  the  image  recon¬ 
struction  process. 

A  prototype  adaptive  optics  system  in¬ 
corporating  a  Hartmann-type  wavefront 
sensor  and  a  nineteen-segment  active  mir¬ 
ror  has  undergone  extensive  performance 
tests  at  the  vacuum  tower  solar  telescope 
at  Sacramento  Peak  Observatory.  The 
segmented  approach  avoids  the  crosstalk 
problems  characteristic  of  continuous 
faceplate  mirrors,  offers  higher  band¬ 
width,  and  facilitates  expansion  to  larger 
systems  with  more  active  elements.  The 
principal  drawback  has  been  the  practical 
difficulties  encountered  in  achieving  and 
maintaining  the  optical  phasing  among 
the  segments.  The  technical  performance 
of  the  prototype  system  is  now  relatively 
well  understood,  although  the  full  extent 
of  the  system’s  ability  to  improve  the 
resolution  of  solar  images  remains  to  be 
fully  characterized.  The  system  appears  to 
have  the  ability  to  improve  the  quality  of 


solar  images  u])  to  the  theoretical  resolu¬ 
tion  (the  “diffraction  limit"!  of  the  host 
telescope  over  relatively  small  (a  few  arc- 
second)  fields  of  view,  in  conformity  with 
expectation.  Surprisingly,  the  field  of  view 
over  which  partial  improvement  in  image 
resolution  occurs  is  substantially  larger 
than  standard  theoretical  considerations 
predict,  suggesting  that  atmospheric 
propagation  theory  needs  some  revision. 
FVom  an  observational  perspective,  a  prin¬ 
cipal  attraction  of  the  prototype  system  is 
its  ability  to  deliver  highly  stable  image 
resolution,  even  under  less  than  optimal 
conditions.  Experience  with  the  prototype 
has  also  led  to  the  identification  of  several 
changes  and  improvements  to  be  incorpo¬ 
rated  in  any  next-generation  adaptive  op¬ 
tics  system  designed  for  solar  imaging. 
Such  planning  is  currently  in  progress. 

Further  development  of  both  ap¬ 
proaches  is  planned.  The  principal  attrac¬ 
tion  of  adaptive  optics  is  its  ability  to 
produce  a  high  resolution  image  in  real 
time.  On  the  other  hand,  speckle  imaging 
is  technologically  much  simpler  and  less 
expensive  to  implement.  Hybrid  systems, 
which  combine  the  power  and  capability  of 
both  approaches,  are  currently  being  ex¬ 
plored. 

ENERGETIC  PARTICLES 

The  Space  Physics  Division  is  involved 
in  many  aspects  of  understanding  how 
energetic  particles  impact  on  Air  Force 
systems.  The  Division  studies  the  acceler¬ 
ation  of  the.se  particles  in  the  sun  and 
models  their  propagation  through  the  in¬ 
terplanetary  medium  and  the  earth’s  mag¬ 
netosphere,  and  their  interaction  with  Air 
Force  systems.  AFGL  scientists  are  thus 
constantly  learning  more  about  the  space 
environment  in  which  we  work. 


Much  of  the  recent  woj-k  at  AFGL  on 
the  source  of  enerjretic  particles  has  fo¬ 
cused  on  a  problem  often  found  in  solar 
studies:  because  "big"  flares  causing  so- 
lar-pn*-ticle  events  are  accompanied  by  a 
whole  host  of  phenomena,  some  of  which 
are  not  causally  related  to  the  particle 
events,  correlative  studies  based  only  on 
big  flares  can  be  quite  misleading.  To 
remedy  this  problem.  AF'GL  scientists 
have  examined  solar  events  which  produce 
significant  particle  fluxes  but  lack  many 
other  phenomena,  such  as  microwaves  and 
hard  x-ray  bursts,  that  often  occur  in 
proton  flares.  What  remains  after  these 
unnecessary  phenomena  are  stripped 
away  will  presumably  be  the  essentials  of 
the  acceleration  process.  One  example  of 
this  is  a  study  of  an  energetic  proton 
event  which  originated  in  a  non-flare 
source,  a  disappearing  filament.  This 
showed  that  the  electromagnetic  emis¬ 
sions  which  are  used  as  indicators  of 
particle  acceleration  in  flares  are  not  es¬ 
sential  to  the  acceleration.  Instead,  a  high¬ 
speed  coronal  mass  ejection  and  a  shock 
wave  seem  to  be  the  only  phenomena 
associated  with  this  proton  event. 

Another  study  examined  one  of  the 
major  predictors  for  interplanetary  proton 
events,  which  is  the  presence  of  a  “U- 
shaped”  radio  spectrum  with  high  flux 
densities  at  meter  and  centimeter  wave¬ 
lengths  and  a  minimum  of  densities  in  the 
decimeter  range.  Earlier  studies  showed 
the  presence  of  this  spectrum  in  a  flare  to 
be  an  almost  necessary,  and  almost  suffi¬ 
cient,  condition  for  a  major  proton  event. 
Using  more  complete  statistics,  AFGL 
researchers  showed  that  the  previous  cor¬ 
relations  were  with  phenomena  physically 
unrelated  to  the  particle  acceleration  but 
commonly  found  in  flares.  They  discov¬ 
ered  that  the  proton  events  are  more 
closely  associated  with  coronal  shock 


waves,  while  the  two  peaks  in  the  U- 
shaped  spectrum  are  associated  with  dif¬ 
ferent  flare-acceleration  processes.  This 
work  again  shows  that  the  coronal  shock 
\vf>ves  sre  more  important  for  particle 
acceleration  than  the  various  electromag¬ 
netic  phenomena. 
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PercenUige  of  "Major"  Flares,  as  Defined 
by  the  Comprehensive  Flare  Index,  that 
Occurred  in  the  Northern  Hemisphere  of  the 
Sun.  19.'55-1980.  (The  triangles  are 
preliminary  data  using  solar  flares  from  the 
six-station  technique.) 

Another  recent  study  has  examined  a 
hemispheric  asymmetry  in  the  production 
of  solar  flares.  Utilizing  the  comprehen¬ 
sive  flare  index,  scientists  showed  that 
major  solar  activity  occurred  preferential¬ 
ly  in  the  northern  hemisphere  of  the  sun 
from  1959  to  1971,  although  before  and 
after  this  period  the  activity  was  approxi¬ 
mately  symmetric  between  the  northern 
and  southern  hemispheres  of  the  sun.  A 
consistent  north/south  asymmetry  also 
exists  in  earth-based  extremely  high  ener¬ 
gy  cosmic  radiation  measurements  until 
1971,  which  is  attributed  to  this  asymmet¬ 
ric  solar  activity  (see  the  figure). 

Converting  this  theoretical  understand¬ 
ing  of  solar  particle  acceleration  into  a 
predictive  model  of  particle  intensity  at 
the  earth  has  been  approached  through 
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two  iiR'thods,  a  ntakriietohydrodyiiamif 
(MHO)  niodfl  titid  an  tMitpirifiil  model.  The 
MHI)  method  modt'ls  the  propakftition  of 
soliir  flare-trenenUed  .shocks,  with  the 
shock  ridiii^r  (,vpp  the  pre-existinj:  solar 
wind  (see  the  fitrure).  In  the  reference 
frame  of  the  solar  wind,  the  shock  front 
behaves  as  a  hkist  wave,  which  continu¬ 
ously  decelerjites  by  tfivinff  etiertry  u|)  to 
the  soliir  wind.  The  averajre  blast-wave 
sfteed,  which  is  found  by  inteffratinjf  the 
blast  wave  eiiuation,  determines  the  arriv¬ 
al  time  of  the  shock  at  the  earth.  In  the 
current  two  and  ii  half  dimensional  model, 
the  flare  is  assumed  to  have  occurred  in 
the  plane  of  the  ecliptic.  The  fluid  analysis 
then  considers  all  dependent  variables, 
including!:  the  three  components  of  the 
velocity  and  interplanetary  majfnetic  field 
vectors,  within  the  2-<iiniensional  ecliptic 
plane,  A  ITdimensional  model  is  under 
development. 

The  em()irical  model  beinjr  developed  is 
an  improved  version  of  the  previous 
■VFdl,  model  which  the  .Air  Weather  Ser¬ 


vice  Space  Knvironment  Foivcast  h'acility 
has  used  for  the  (last  decade.  The  new 
model  has  several  sijrnificant  improve¬ 
ments,  such  as  the  capability  for  predict¬ 
ing  heavy  ion  fluxes  in  addition  to  protons. 
It  also  has  improved  the  predictive  accura¬ 
cy  of  onset  time,  magnitude  of  fluxes,  and 
the  time-intensity  profile  of  particle  flux¬ 
es,  It  can  also  predict  the  radiation  dose  to 
astronauts  both  within  the  space  shuttle 
and  during  extravehicular  activities.  The 
new  model  makes  predictions  in  fourteen 
different  energy  ranges  which  are  easily 
adjustable  to  match  either  the  energies 
actually  being  monitored  or  those  most 
hazardous  to  specific  systems.  It  is  possi¬ 
ble  to  u.se  the  output  of  this  model  as 
input  to  other  models  desiirned  for  svs- 
tem-specific  predictions. 

In  making  these  models,  there  are  a 
tremendous  number  of  variables  that  af¬ 
fect  the  solar  proton  intensity  observed  at 
the  earth,  and  many  of  the  basic  control 
parameters  are  not  directly  observable. 
Instead,  they  must  be  inferred  from  the 


available  solar-patrol  measurements  or 
from  “average"  values  used  in  initial  pre¬ 
dictions.  One  major  improvement  is  a 
mode  which  enables  the  duty  forecaster  to 
enter  the  actual  observed  data  when  it 
becomes  known,  rather  than  using  an 
average  or  inferred  value.  The  software 
then  matches  the  specified  data  and  uses 
this  for  updated  predictions  of  the  particle 
flu.ves  on  the  magnetosphere. 

In  the  analysis  of  the  high-energy 
cosmic-ray  data,  a  method  known  as  geo¬ 
magnetic  optics  has  been  developed  to 
specify  the  trajectories  these  particles 
travel  before  arriving  at  or  near  the  earth. 
AP’GL  researchers  have  modeled  the  ef¬ 
fect  of  geomagnetic  disturbances  on  the 
asymptotic  directions  of  approach  by  esti¬ 
mating  the  corresponding  change  in  the 
cutoff  rigidities. 
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In  modeling  the  particle  environment, 
the  particle  motion  and  energization  with¬ 
in  the  earth’s  magnetosphere  are  also 
significant.  Several  such  studies  have 
been  completed  using  data  from  the  De¬ 
fense  Meteorological  Satellite  Program 
(DMSP)  satellites.  The  F6  and  F7  space¬ 
craft  are  stabilized  in  three  axes  and  fly  in 


circular.  840  km,  sun-synchronous  orbits. 
The  F6  orbital  plane  is  in  the  dawn-dusk 
meridian,  while  the  orbital  plane  is  in 
the  10.'I0-22.'I0  meridian  Hecause  of  the 
offset  between  the  geographic  and  mag¬ 
netic  poles,  the  two  sitacecraft  cover  a 
wide  range  in  geomagnetic  coonlinales, 
and  because  of  the  operational  nature  of 
the  spacecraft,  they  return  data  from  the 
instruments  almost  continuously  (see  the 
figure). 

One  of  the  scientific  instruments  car¬ 
ried  on  F7  is  a  dosimeter  ineasuring  elec¬ 
tron  and  ion  fluxes  above  40  MeV.  These 
are  the  particles  responsible  for  single 
event  upsets  and  radiation  effects  in  elec¬ 
tronics.  The  spatial  distribution  of  high- 
energy  particles  penetrating  to  low  alti¬ 
tudes  has  been  detei'mined.  The  particles 
most  responsible  for  single  event  upsets 
in  low-altitude  orbit  are  trapi)ed  protons  in 
the  South  Atlantic  Anomaly  and  co.nnic 
rays  in  the  polar  caps.  The  trapped  pro¬ 
tons  in  the  South  Atlantic  Anomaly  have  a 
much  softer  spectrum  than  the  heavier 
particles.  These  results  will  permit  the 
development  of  improved  shielding  for 
spacecraft  microelectronics  and  improved 
hardening  against  single  event  u[)sets. 

The  particles  at  the  energies  primarily 
responsible  for  auroral  precipitation  have 
been  studied  using  the  SSJ/4  instruments 
which  are  both  the  F6  and  F7  spacecraft. 
These  instruments  measure  the  precipitat¬ 
ing  electron  and  ion  fluxes  over  an  energy 
range  of  30  eV  to  30  keV  and  return  a 
complete  spectrum  every  second.  Several 
statistical  studies  have  been  completed 
using  the  SSJ/4  data,  all  of  which  charac¬ 
terize  the  average  [jatterns  of  auroral 
electron  and  ion  precipitation  as  functions 
of  magnetic  local  time  (MLT),  magnetic 
latitude  (MLAT),  and  magnetic  activity  as 
measured  by  Kp.  These  statistics  throw 
light  on  important  processes  controlling 
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plc,  ilicso  slatistii's  proviilo  an  oxcflk'iU 
map  of  till'  ion  cusp,  a  dirccl  entry  retrion 
on  llic  ilaysiilc  of  the  eartli,  centered  at 
local  noon  ;U  all  ;  (.■li\  ities,  The  peak  in 
lunnher  flvtx  is  found  at  losver  latitudes 
tlian  the  minimum  ii.  averau''n  eiiert^'y.  and 
the  cusp  is  mucli  larptcr  and  cletirer  in  the 
sumitter  pole  llian  in  the  winter  pole. 
'I'hese  results  are  heinj^  used  in  under- 
standintr  the  direct  entry  id'  ptiriicles  from 
tile  solar  wind  (see  the  fixture). 

These  statistics  c:in  also  pro\ido  usefid 
input  to  models  of  the  environment.  For 
example,  the  a\'er;ip:e  electron  numher 
and  enerpyv  fluxes  \sere  used  to  develop  a 
model  id'  the  ionospheric  conductivity  as  a 
function  of  j^e<i|ii;ijr|i,.rjc  Hctivitv.  In  some 
additional  work,  the  eipiatorward  bound- 
ar>  of  auroral  electron  and  ion  precipita¬ 
tion  was  fitted  to  various  functional 
forms,  depending:  on  fr,.(,niaKn‘-‘tic  activity. 
If  the  boundary  is  observed  at  some  local 
time  and  the  mattnetic  activity  is  known, 
then  the  boundary  at  all  local  times  can  be 


calculated,  and  the  conductiv  ity  statistics 
can  indicate  where  hijth-freciuency  radio 
systems  are  likely  to  fail.  AF(jL  has 
delivered  a  computer  model  ciirrvinjt  out 
these  predictions  to  Global  Weather  Cen¬ 
tral,  allowing:  the  Air  Force  to  anticipate 
and  betti‘r  understand  the  real  time  im¬ 
pact  id'  tiu'  aurora  on  Air  Force  commutd- 
cations. 
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The  stuilies  described  above  concentrate 
on  a  better  understanding  of  the  environ¬ 
ment  in  which  space  systems  operate. 
However,  it  is  also  important  to  under¬ 
stand  how  the  systems  interact  wdth  the 
vmvironmeiit.  One  recent  study  examined 
high-level  spacecraft  charging  in  the  iono¬ 
sphere.  showing  that  low-altitude  sjiace- 
craft  can  charge  to  <-100  Volts,  but  only 
when  two  conditions  are  met:  the  thermal 
plasma  density  must  be  less  than  10^  cm 
and  a  high  number  flux  of  high-energy 


electrons  (at  least  14  ke\')  is  required. 
These  conditions  are  often  met  on  the 
nij^htside  of  the  earth  and  on  the  poleward 
edjte  of  discrete  auroral  regions,  so  that 
spacecraft  traveling  tlirough  this  region 
must  be  designed  to  minimize  the  effects 
of  spacecraft  charging  (see  the  figure). 


Space  Weather  Impacts  on  Satellite 
Ojierations, 

One  of  the  major  programs  under  devel¬ 
opment,  known  as  CRRES  (Combined  Re¬ 
lease  and  Radiation  Effects  Satellite),  will 
study  the  effects  of  sustained  radiation 
exposure  on  spacecraft  microelectronics. 
Current  designs  for  space  systems  are 
based  on  computer  models  and  laboratory 
testing  of  electronics,  but  not  on  in-flight 
testing.  To  remedy  this,  AFGL  is  prepar¬ 
ing  CRRES,  which  will  carry  a  package  of 
sensitive  microelectronics  (the  MEP)  care¬ 
fully  instrumented  to  study  when  and  how 
the  components  fail.  Along  with  this, 
CRRES  will  carry  an  assortment  of  instru¬ 
ments  to  measure  the  particle  and  electro¬ 
magnetic  environment  in  which  the  com- 
(jonents  fail.  Comparison  of  these  results 
with  laboratory  testing  and  simulations 
will  then  allow  engineers  to  develop  better 


and  more  reliable  electronic  space 
systems. 

SPACE  WEATHER 

The  specification,  monitoring,  and  pre¬ 
diction  of  particles,  plasma,  and  electric 
and  magnetic  fields  and  waves  within  the 
solar-terrestrial  system  is  of  growing  im¬ 
portance  to  Air  Force  space  operations. 
The  dynamic  characteristics  of  these 
space  environment  parameters  which 
specify  the  coupling  between  regions,  the 
resulting  transport  of  energy,  and  the 
interaction  effects  of  the  environment 
with  space  systems  is  commonly  referred 
to  as  “space  weather.”  Space  weather  can 
be  the  cause  of  operational  anomalies 
resulting  from  spacecraft  charging,  such 
as  single  event  upsets,  radiation  effects, 
and  increases  in  satellite  drag.  The  figure 
illustrates  these  effects.  Satellites  at  all 
altitudes  are  subject  to  space  weather 
effects. 

The  thrusts  of  the  program  are  directed 
toward  (1)  greatly  expanding  the  space 
environment  database,  (2)  developing  and 
testing  empirical  models  of  the  physical 
parameters  essential  to  the  understanding 
of  the  coupling  processes  between  solar- 
terrestrial  regions,  and  (3)  developing  dy¬ 
namic  analytical  models  of  the  interplane¬ 
tary/  magnetosphere/ionosphere  system 
that  include  the  time  variability  of  these 
solar-driven  processes.  This  result  is  es¬ 
sential  to  advances  in  understanding, 
specifying,  and  predicting  the  space  envi¬ 
ronment  and  its  effect  on  Air  Force  space 
systems. 

Extensive  measurements  of  particles, 
plasmas,  and  fields  have  been  obtained 
from  orbiting  satellites  such  as  DMSP, 
HILAT,  and  DE  in  the  last  few  years. 
However,  the  vastness  of  region^  the 
sparseness  of  the  data,  and  the  short-  and 


long-term  solar  variations  cause  our  un¬ 
derstanding  of  the  physical  system  to  be 
limited  by  data  starvation.  On  the  DMSP 
spacecraft,  continuous  monitoring  of  par¬ 
ticles,  electric  and  magnetic  fields,  and 
plasmas  with  instruments  designed  and 
developed  by  the  Space  Physics  Division 
represents  a  major  contribution  to  the 
space  environment  database.  Significant 
progress  has  been  made  in  specifying  the 
coupling  between  the  magnetosphere  and 
the  ionosphere  and  in  modeling  the  dy¬ 
namics  of  the  inner  magnetosphere.  As  a 
result,  models  are  now  under  development 
w'  -h  specify  the  magnetosphere  for  op¬ 
erational  use  by  the  Air  Weather  Service 
in  response  to  customer  requirements. 
The  following  highlight  specific  research 
progress. 

Magnetospheric  Specification:  Specifi¬ 
cation  of  the  environment  at  high  lati¬ 
tudes  and  throughout  the  magnetosphere 
provides  the  foundation  for  empirical  the¬ 
oretical  studies  and  modeling  of  space 
weather  processes.  The  operational  DMSP 
satellites  provide  a  unique  opportunity  for 
long-term  monitoring  of  critical  parame¬ 
ters.  Continuous  monitoring  of  the  energy 
input  from  the  magnetosphere  into  the 
high-latitude  ionosphere,  both  from  parti¬ 
cles  and  from  heating  by  closure  of  field- 
aligned  currents,  will  now  be  possible. 

In  cooperation  with  the  University  of 
Texas  at  Dallas,  instruments  have  been 
designed  and  built  to  monitor  ion  drift 
(electric  fields),  ion  density  and  tempera¬ 
ture,  electron  temperature,  and  variations 
in  ion  density  which  are  the  cause  of  radio 
scintillations.  The  first  of  the  instruments 
will  be  flown  on  the  next  spacecraft. 

Analysis  of  data  from  the  experimental 
magnetometer  on  DMSP-F'7  has  deter¬ 
mined  that  a  body-mounted  magnetometer 
can  be  used  to  detect  field-aligned  cur¬ 


rents.  Automated  techniques  were  devel¬ 
oped  to  remove  spacecraft  interference 
signals  from  the  data,  leaving  the  varia¬ 
tions  caused  by  the  field-aligned  currents. 
As  a  result  of  this  successful  ex|)eriment. 
the  magnetometer  will  be  included  as  an 
operational  sensor  on  future  DMSP  satel¬ 
lites  S-12  through  S-15.  The  DMSP  plas¬ 
ma,  magnetic-field,  and  energetic-particle 
measuring  devices  provide  complete  local 
specification  of  the  electrodynamics.  The 
combination  of  the  electric  fields,  field- 
aligned  currents,  and  conductivities  (cal¬ 
culated  from  the  particle  data)  determine 
the  heating  input  into  the  high  latitudes 
from  magnetospheric  sources. 

Plasma  and  fields  instrumentation  has 
also  been  designed  and  built  for  the 
CRRES  satellite.  In  addition  to  supporting 
the  radiation-effect  studies,  these  instru¬ 
ments  will  be  a  significant  new  source  of 
data  for  understanding  the  dynamics  of 
substorm  processes. 
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Mechanism  for  Ceneratinn  Neutral  Lines  in 
.N'ear-Karth  Magnelotail,  a  Process  Thought 
to  Trit;);er  Subslorms. 
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Magnetospheric  Modeling:  AFGL  has 
previously  sponsored  the  development  at 
Rice  University  of  a  dynamic  analytical 
model  of  the  inner  magnetosphere  to  spec¬ 
ify  and  follow  substorm  processes  in  the 
coupled  magnetosphere-ionosphere  sys¬ 
tem.  This  model  has  been  reformatted  to 
make  it  more  modular,  to  increase  its 
efficiency,  and  to  add  in  effects  from  the 
near-tail  plasma  sheet.  In  the  space  phys¬ 
ics  community,  a  strong  controversy  ex¬ 
ists  over  whether  a  near-earth  neutral  line 
can  form  and  create  a  magnetic  substorm. 
As  a  result  of  the  improved  model,  a 
straightforward  mechanism  for  the  for¬ 
mation  of  a  near-earth  neutral  line  has 
been  developed.  The  accompanying  figure 
illustrates  these  ideas. 

The  top  figure  is  a  north-south  cross- 
section  of  the  midnight  meridian  at  L 
greater  than,  or  equal  to,  6.  The  dawn- 
dusk  electric  field  causes  plasma  to  E-x-B- 
drift  towards  the  earth  as  shown  by  the 
arrows.  As  the  attached  magnetic  flux 
tubes  convect  inward,  their  volume  de¬ 
creases,  thereby  adiabatically  increasing 
particle  pressure,  as  seen  in  the  middle 
figure.  Cases  A,  B,  and  C  are  for  increas¬ 
ing  E-x-B  drift.  The  associated  pressure 
gradients  create  a  local  current  that  pro¬ 
duces  a  minimum  B  along  the  equator  as 
seen  in  the  bottom  figure.  Magnetohydro¬ 
dynamic  computer  simulation  studies  indi¬ 
cate  that  this  is  the  most  likely  location 
for  magnetic  reconnection  to  occur.  A  non¬ 
zero  curl  of  E  triggers  the  instability  for 
reconnection  to  occur.  Magnetic  reconnec¬ 
tion  prevents  the  continual  build-up  of 
particle  pressure  and  releases  excess  mag¬ 
netic  energy  stored  in  the  tail-lobes.  In 
this  model,  a  magnetic  substorm  occurs  as 
a  natural  result  of  excess  particle  pres¬ 
sure,  and  an  external  stimulus  is  not 
necessary  to  trigger  it. 


The  Rice  model  is  an  important  building 
block  toward  the  development  of  models 
for  space  weather  specification  and  fore¬ 
casting  for  use  by  the  Air  Weather  Ser¬ 
vice.  Portions  of  the  research  model  are 
now  being  transitioned  to  AWS  for  mag¬ 
netospheric  specifications.  Future  im¬ 
provements  in  the  mod*  '  and  in  our  model¬ 
ing  capabilities  will  be  directed  toward 
better  specification  of  the  ionospheric 
boundary  conditions  and  coupling  process¬ 
es,  and  toward  better  understanding  of 
boundary  layer  phenomena  in  the  plasma 
sheet  and  at  the  magnetopause. 

Magnetosphere  •  Ionosphere  Cou¬ 
pling:  The  plasma  drift  measurements  on 
the  HILAT  satellite,  the  magnetic  field 
measurements  on  the  DMSP/F7  satellite, 
and  the  electric  field  measurements  from 
DE-2  have  proved  to  be  powerful  tools  for 
analysis  of  magnetosphere-ionosphere 
coupling  processes. 

In  a  study  aimed  at  finding  general 
magnetosphere-ionosphere  coupling  char¬ 
acteristics  instead  of  just  the  coupling 
related  to  direct  auroral  arcs,  SRI  Interna¬ 
tional,  AFGL,  and  the  University  of  Texas 
at  Dallas  statistically  determined  the  rela¬ 
tionships  between  the  variations  in  the 
electric  field  and  field  aligned  current  in 
the  range  of  scales  of  3  km  to  80  km 
(approximately  the  range  of  “inverted  - 
V”  structures)  observed  during  the  first 
year  of  HILAT’s  life.  This  study  included 
all  structures  in  this  scale  range  regard¬ 
less  of  the  precipitating  particle  signature. 
The  result  was  a  clear  indication  that  in 
this  scale-size  range  the  magnetosphere 
acts  as  a  constant  current  source  regard¬ 
less  of  the  background  conductivity  of  the 
ionosphere.  Further  study  using  particle 
data  together  with  the  electric  field  and 
current  data  will  be  required  to  confirm 
this  finding. 
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On  the  scale  size  of  individual  arcs, 
Regis  College  and  AFGL  analyzed  in  de¬ 
tail  an  individual  pass  of  the  HILAT 
satellite  over  an  isolated,  morning-sector 
auroral  arc.  The  study  included  all  sources 
of  data  from  the  HILAT  satellite  and  the 
ultraviolet  imager,  which  can  detect  the 
auroral  arcs  during  the  sunlit  condition. 
The  object  of  the  study  was  to  character¬ 
ize  the  physical  structure  of  the  arc  sys¬ 
tem  and  compare  the  structure  with  the 
coupled  electrodynamic  theory  of  Bostrom 
for  auroral  arcs.  The  comparison  was 
e.vcellent.  Since  a  numerical  model  of  an 
arc  structure  developed  by  the  University 
of  California  at  Berkeley  has  been  based 
on  Bostrom’s  theory,  advancements  in 
numerical  simulation  of  arcs  can  now  be 
made  with  confidence. 
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MODEt  DE 

(a) 

F-region  ion  convection  in  the  vicinity  of 
the  dayside  polar  cleft  is  strongly  con¬ 
trolled  by  the  interplanetary  magnetic 
field,  suggesting  a  direct  current-driven 
coupling  between  the  solar  wind  and  day- 
side,  high-latitude  ionosphere.  This  cou- 
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(c) 


Empirical  Hiph-Latitude  Convection  Models 
for  Mafinetospherically  Generated  Electric 
Eields.  {The  plots  are  for  the  northern 
hemisphere,  with  the  Y-component  of  the 
interplanetary  magnetic  field  negative.  The 
first  panel  is  for  a  southward  B,  and  a  small 
northward  B^.  The  second  and  third  are  for 
increasingly  stronger  northward  B,.) 

pling  has  been  explored  by  Stanford  Uni¬ 
versity  through  observations  of  high-lati- 
tude  ion  convection  measured  by  the  Son- 
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drestromfjord,  Greenland,  incoherent 
scatter  radar  and  subsequent  computer 
simulations.  The  computer  simulation  cal¬ 
culates  the  ionospheric  electric  potential 
distribution  for  a  given  configuration  of 
field-aligned  currents  and  conductivity 
distribution.  Using  a  simple  model  of  the 
field-aligned  currents  linking  the  solar 
wind  with  the  dayside,  high-latitude  iono¬ 
sphere,  we  can  e.xplore  the  consequences 
of  variations  of  the  currents  on  ionospher¬ 
ic  plasma  convection.  The  direction  and 
strength  of  the  currents  are  set  according 
to  measurements  in  the  upstream  solar 
wind,  and  the  time-varying  ionospheric 
electric  field  and  resulting  plasma  convec¬ 
tion  are  simulated.  Comparisons  of  the 
simulated  plasma  convection  with  the  ion 
velocity  measurements  at  Sondrestrom 
show  very  good  agreement. 

New  empirical  models  of  the  overall 
high-latitude  convection  pattern  gener¬ 
ated  by  magnetospheric  electric  fields  and 
their  variation  with  the  interplanetary 
magnetic  field  have  been  developed  using 
DE-2  data  by  NASA/GSFC  and  AFGL. 
Preliminary  versions  of  the  variations  of 
the  patterns  with  the  polarity  of  By  for 
southward  B,,  have  been  used  in  the  Uni¬ 
versity  College,  London,  global  thermo¬ 
spheric  model  to  provide  better  agreement 
with  observations  of  neutral  winds,  tem¬ 
perature,  and  composition.  The  basic  mod¬ 
els  for  positive  and  negative  By  are  appli¬ 
cable  for  B,  negative  and  for  small  values 
of  positive  B,.  As  B^  increases  to  larger 
positive  values,  the  evening  convection 
cell  rotates  and  expands  into  the  dayside, 
creating  a  distorted  two-cell  model.  The 
figure  shows  the  basic  northern  hemi¬ 
sphere  convection  flow  pattern  for  By 
negative  (model  DE)  and  its  distortion  as 
B.,  increases  to  larger  and  larger  positive 
values.  For  By  positive,  the  evening  cell 
rotates  into,  rather  than  around,  the 


morning  cell.  These  patterns  provide  a 
new  alternative  to  the  three-  and  four-cell 
pattern  currently  used  to  explain  configu¬ 
ration  changes  in  the  convection  pattern 
for  northward  (positive)  B^  conditions. 

Modeling  and  Analysis  of  Substorm 
Phenomena:  The  datab.  ,  created  by  the 
AFGL  magnetometer  chain  from  1978 
through  1983  continues  to  be  a  significant 
resource  for  analysis  of  substorm-associ¬ 
ated  processes  and  their  resulting  mag¬ 
netic  pulsations.  The  correlation  of  effects 
recorded  by  the  AFGL  chain  with  signa¬ 
tures  seen  at  geosynchronous  altitude  by 
satellites  such  as  GOES  and  SCATHA,  or 
signatures  noted  at  the  South  Pole,  are 
revealing  the  character  and  evolution  of 
magnetospheric  substorm  disturbances. 

For  instance,  the  disturbances  at  geo¬ 
synchronous  orbit  may  be  very  localized. 
By  observing  the  effects  of  the  substorm 
current  wedge  on  the  ground  to  identify 
the  onset  and  location  of  a  substorm, 
AFGL  and  Boston  University  scientists 
were  able  to  show  that  a  geosynchronous 
satellite  (GOES  3)  only  two  hours  away 
from  midnight  may  miss  the  onset  of  a 
localized  substorm.  The  character  of  the 
GOES-3  magnetic  disturbance  was  nearly 
flat  compared  to  the  disturbed  signature 
seen  two  hours  away  in  the  substorm 
wedge  region  near  midnight  by  SCATHA 
and  GOES  2.  Observations  made  with  the 
AFGL  chain,  at  South  Pole  station,  and 
from  the  ISEE  satellites  demonstrated 
that  the  thickening  (or  recovery)  of  the 
magnetotail  plasma  sheet  during  the  late 
stage  of  substorms  is  related  to  poleward 
auroral  excursions,  sometimes  called  the 
“poleward  leap,”  contributing  to  a  rela¬ 
tively  little  studied  aspect  of  the  neutral 
line  model  of  substorms. 

Pi  2  pulsations  have  been  previously 
associated  with  substorm  onset;  however. 
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the  generation  mechanisms  that  would 
produce  the  observed  polarization  charac¬ 
teristics  were  unclear.  The  extension  of 
the  previous  model  for  the  w'estward  trav¬ 
eling  surge  developed  at  AFGL  has  shown 
that  Alfven  waves,  initiated  by  the  injec¬ 
tion  of  hot  plasma-sheet  electrons  within 
the  substorm  current  wedge,  trigger  a 
feedback  instability  in  the  ionosphere- 
magnetosphere  system  that  leads  to  the 
rapid  production  of  the  Pi  2  waves.  The 
pulsations  are  then  damped  by  electron- 
ion  recombination.  The  model  also  pro¬ 


vides  the  framework  for  understanding 
the  sense  of  rotation  of  Pi  2  pulsations 
generated  at  substorm  onset. 

The  relationship  between  mid-latitude 
magnetic  disturbances  and  the  westward 
traveling  surge  has  been  explored  further 
by  using  DMSP  images.  The  figure  shows 
the  concept  for  location  determination  of 
the  westward  traveling  surge  from  mid¬ 
latitudes.  Actual  events  have  been  corre¬ 
lated  between  DMSP  photographs  and 
patterns  observed  in  the  magnetic  polar- 
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l>ocation  of  Auroral  .Surjru.s  L'.sin>;  Mid-latitude  Magnetometer  Pi2  Pulsation  Signals.  (The  major  axis  of  the 
polarization  ellipse  points  toward  the  center  of  the  surge.  The  pulsation  onset  time  identifies  the  substorm’s 
onset.) 
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ization  ellipse  azimuths  observed  by  the 
AFGL  chain. 

ACTIVE  EXPERIMENTS 

The  Active  Experiments  Branch  of  the 
Space  Physics  Division  carries  out  experi¬ 
mental  and  theoretical  investigations  of 
controlled  perturbations  in  space  with  two 
objectives.  The  first  is  to  test  our  under¬ 
standing  of  space  plasma  processes  and 
their  effects  on  space  systems.  Some  of 
these  processes  may  be  stimulated  by 
charged  particle  beams,  waves,  or  chemi¬ 
cal  clouds.  The  Branch  is  investigating  the 
generation  of  plasma  waves  in  space,  the 
heating  and  acceleration  of  electrons  and 
ions  in  the  ionosphere/magnetosphere 
system,  the  release  of  substorm  energy, 
and  the  trapping  of  particles  in,  and  their 
precipitation  from,  the  earth’s  radiation 
belts.  The  second  objective  is  to  consider 
the  perturbations  as  part  of  a  complete 
system  which  includes  the  space  vehicle, 
the  perturbing  agent,  and  the  space  envi¬ 
ronment.  There  are  interactions  between 
the  elements  of  the  system  that  may 
inhibit  particular  processes.  Some  of  these 
interactions  are:  arcing  and  charging  in 
the  vehicle  environment,  anomalous  beam 
degradation,  and  disruption  of  wave  trans¬ 
missions. 

There  are  four  major  areas  of  study: 
charged  particle  beam/environment  inter¬ 
actions,  neutral  particle-beam  transport, 
effects  of  electromagnetic  radiation  on 
space  plasmas,  and  chemical  releases  in 
the  magnetosphere. 

Charged  Particle  Beams:  Artificial 
beam  propagation  in  space  generates 
waves  that  heat  and  accelerate  ions  and 
electrons  in  the  ambient  plasma.  Natural¬ 
ly  occurring  charged-particle  beams  gen¬ 
erate  similar  effects  which  have  been 


observed  on  numerous  rocket  and  satellite 
experiments.  Electron  beam  emissions 
have  been  found  to  generate  waves  that 
heat  and  accelerate  ambient  ions  in  pro¬ 
cesses  similar  to  those  identified  in  theo¬ 
retical  models  that  explain  auroral  parti¬ 
cle-acceleration  processes.  Experiments 
are  planned  to  verify  these  models. 


The  BERT-1  rocket  consisted  of  two 
separable  payloads.  The  main  body  of  the 
rocket,  BERT,  was  equipped  with  electron, 
ion.  and  plasma  emitters,  an  automatic 
di.scharge  system,  vehicle  potential 
monitors,  and  particle  detectors.  The 
nosecone,  ERNIE,  was  separated  from  the 
main  payload  during  flijrht.  It  was  equipped 
with  plasma  and  field  diagnostics  for 
detecting  perturbations  in  the  ambient 
plasma  during  charged  particle  emissions 
from  BERT  The  electron  beam  generates 
waves,  and  heats  and  accelerates  electrons 
and  ions  in  the  ambient  plasma. 

Data  being  analyzed  include  SCATHA 
satellite  experiments  in  the  magneto- 
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sphere  ami  BF^RT-l  rocket  experiments  in 
the  i()iK)sphere  ami  in  a  larjte  vacuum 
chamiier  (see  tile  figure).  Both  SCATHA 
ami  BKRT-1  vehicles  were  equipped  with 
ion  ami  electron  beam  sources,  used  to 
study  vehicle-charging  effects  as  well  as 
heam  plasma  interactions.  Charging  of 
spacecraft,  which  occurs  naturally  in 
s[)ace  etn  ironnients  containing  energetic 
particles,  may  be  controlled  through  beam 
emissions.  However,  oeam  einissions  may 
also  cause  charging,  under  certain  condi¬ 
tions.  The  plasma  processes  that  control 
vehicle-charging  levels  are  being  studied. 

Theoretical  studies  are  being  conducted 
in  collaboration  with  the  University  of 
California  at  Los  Angeles  and  with  South¬ 
west  Research  Institute.  These  studies 
incorporate  theory  and  computer  simula¬ 
tions  in  mock  laboratory  experiments  to 
identify  mechanisms  leading  to  effects 
observed  in  the  data.  Present  studies  have 
provided  new  insight  into  processes  con¬ 
trolling  vehicle  charging.  Beam-generated 
waves  are  shown  to  heat  the  ambient 
plasma,  which  enhances  the  rate  of  ioniza¬ 
tion  of  ambient  neutral  particles  (see  the 
figure).  This  increases  the  plasma  density 
and  reduces  the  potential  of  the  vehicle 
charging. 

The  Active  Experiments  Branch  is  con¬ 
ducting  the  ECHO-7  sounding  rocket  ex¬ 
periment  jointly  with  NASA  and  the  Uni¬ 
versity  of  Minnesota.  The  branch  is  build¬ 
ing  a  40  keV  electron  accelerator  system 
and  a  wave  detector  package  for  the 
mission.  Mission  objectives  are  to  study 
wave  generation  in  the  ionosphere  and 
spacecraft  charging  due  to  electron  beam 
emission.  The  experiment  will  also  probe 
the  magnetosphere  by  emitting  electron 
beams  along  the  earth’s  magnetic  field 
and  detecting  the  return  of  beam  particles 
after  they  are  reflected  from  the  conju¬ 
gate  ionosphere. 


Experimental  results  obtained  during  the 
BERT-1  vacuum  chamber  tests  indicate 
high-frequency,  high-intensity  waves  being 
generated  during  electron  beam  emi.ssions. 
(The  spectrogram  scales  linearly  with 
frequency  from  0-5  MHz.  The  electron  beam 
energy  is  500  V  and  is  stepping  up,  then 
down,  through  current  levels  of  200  pA  to  20 
mA.  .As  the  beam  current  increases,  there  is 
a  threshold  effect,  indicated  by  the 
appearance  of  intense  waves  in  the  3-4  MHz 
range.  This  coincides  with  a  sudden  decrease 
in  the  potential  of  the  emitting  rocket  body. 
The  potential  then  maintains  a  constant  level 
until  the  current  decreases  across  this 
threshold,  at  which  point  the  potential 
abruptly  increases.) 


Neutral  Particle  Beams:  Unlike 
charged  particle  beams,  neutral  beams 
can  propagate  across  vast  regions  of 
space  without  being  deflected  by  the 
earth’s  magnetic  field.  However,  if  the 
beam  were  ionized  by  the  earth’s  tenuous 
plasma,  this  would  also  be  subject  to 
deflection  by  the  magnetic  field.  Theory 
and  laboratory  experiments  have  shown 
that  such  a  plasma  beam  will  propagate 
across  a  magnetic  field  in  a  vacuum,  but 
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Electron  velocity  distributions 
total  background  beam 


Results  Ilf  v'limputer  Simulations  at  UCLA 
Shinviiijr  Beam  Thermalizatiim  and  Beam 
Heatintr  and  Acceleration  of  the  Ambient 
I’lasma.  (This  is  part  of  a  study  to  determine 
the  characteristics  and  sifrnatures  of 
electron  beams  propaKatintr  in  space.) 

the  question  of  whether  it  will  propagate 
in  a  plasma  has  not  been  answered.  To 
answer  this  question,  laboratory  experi¬ 
ments  are  being  performed  in  collabora¬ 
tion  with  Northeastern  University.  These 
experiments  will  explore  the  effectiveness 
of  polarization  electric  fields  for  crossfield 
propagation.  Parameters  to  be  studied 
include:  geomagnetic  field  strength,  beam 
orientation  with  respect  to  the  magnetic 
field,  and  ambient  plasma  density.  In  addi¬ 
tion,  beam  degradation  due  to  waves  and 
heating  generated  by  interactions  with  the 
ambient  plasma  will  be  investigated. 

This  experimental  program  includes  the 
design  and  development  of  a  wave  diag¬ 
nostics  package  for  the  AFSTC  NPBISE 
(Neutral  Particle  Beam  Integrated  Space 
Experiment).  This  package  will  monitor 
waves  and  fields  generated  in  the  ambient 
plasma  through  the  propagation  and  ion¬ 
ization  of  the  neutral  beam.  Related  theo¬ 
retical  studies  are  seeking  to  predict  elec¬ 
tromagnetic  signatures  of  the  ionized  por¬ 
tion  of  the  beam,  as  well  as  to  anticipate 
effects  of  the  beam  emission  on  the  space¬ 
craft. 


Electromagnetic  Radiation:  The  ability 
of  electromagnetic  radiation  to  accelerate 
particles  in  the  natural  environment  is 
being  investigated  under  Project  Forecast 
2.  It  has  been  shown  theoretically  that  rf 
radiation  directed  along  the  background 
magnetic  field  in  a  vacuum  will  accelerate 
electrons  to  relativistic  energies. 

A  new  theory  developed  in  collaboration 
with  Northeastern  University  predicts 
that  a  high  power  (gigawatt)  LraiiSmitter, 
tuned  to  the  resonant  frequency  of  the 
ionosphere,  should  succeed  in  accelerating 
electrons  to  a  broad  range  of  energies.  An 
experiment  to  test  this  concept  is  planned 
in  conjunction  with  the  ECHO-7  flight. 
HIPAS  (High  Power  Auroral  Stimulation 
facility),  a  ground-based  transmitter  locat¬ 
ed  below  the  rocket  trajectory,  will  trans¬ 
mit  waves  at  the  resonant  electron  gyro- 
frequency.  Sensors  on  the  ECHO-7  pay- 
load  will  detect  the  transmitted  waves  and 
the  accelerated  electrons.  A  computer 
model  of  the  acceleration  process  is  being 
developed.  This  model  will  be  tested  with 
the  experimental  results  obtained  during 
this  flight. 

A  second  theoretical  effort  concerns  the 
application  of  the  Alfven  maser  effect  to 
cause  particle  precipitation  in  the  radia¬ 
tion  belts.  Similar  to  an  ordinary  laser, 
pump  waves  can  be  beamed  into  the  mag¬ 
netosphere  and  built  up  within  magnetic 
flux  tubes  there.  It  is  believed  that  this 
energy  can  be  used  to  dump  plasma 
through  loss  cone  diffusion.  Experiments 
will  be  designed  to  test  this  theory. 

Chemical  Releases:  Chemicals  intro¬ 
duced  into  the  magnetosphere  can  gener¬ 
ate  and  undergo  a  variety  of  interactions 
with  ambient  waves  and  particles.  High- 
altitude  chemical-release  experiments  are 
planned  as  part  of  the  CRRES  satellite 
program.  The  experiments  are  designed  to 
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Study  these  interactions  and  the  effect  of 
mass  loading  of  magnetic  flux  tubes.  Plas¬ 
ma  and  field  diagnostics  are  being  provid¬ 
ed  for  this  purpose.  Data  from  the  experi¬ 
ments  will  be  analyzed  to  establish  the 
conditions  that  lead  to  the  dumping  of 
radiation  belt  particles.  Theoretical  mod¬ 
els  being  developed  in  collaboration  with 
Massachusetts  Technological  Laborato¬ 
ries  will  be  used  to  predict  these  interac- 

SPACECRAFT  ENVIRONMENTAL 
INTERACTIONS 

Shuttle  Contamination  Code  (SOCRA¬ 
TES);  The  development  of  a  shuttle  con¬ 
tamination  code  called  SOCRATES,  an 
acronym  for  Shuttle  Orbiter  Contamina¬ 
tion  Representation  Accounting  for  Tran¬ 
sient  Emitted  Species,  was  initiated  using 
Monte  Carlo  techniques.  Contamination  of 
instruments  on  the  space  shuttle  orbiter  is 
an  issue  of  major  concern.  The  shuttle 
gives  off  matter  through  surface  outgas- 
sing,  via  various  thrusters  and  from  flash 
evaporators. 

The  deposition  back  onto  shuttle-bc -ne 
instruments  will  be  largely  determined  by 
the  multiple  collision  environment  sur¬ 
rounding  the  shuttle  (see  the  figure).  In 
addition  to  physical  contamination  of  sur¬ 
faces,  radiation  contamination  occurs  as 
gases  surrounding  the  shuttle  collide  with 
atmospheric  ions,  electrons  and  molecules, 
and  with  the  shuttle  surfaces.  In  addition, 
the  critical  ionization-velocity  effect  may¬ 
be  important  in  the  enhancement  and 
transport  of  contaminant  species.  Once 
critical  ionization  occurs,  molecular  disso¬ 
ciative  recombination  may  follow.  These 
effects  may  lead  to  characteristic  infra¬ 
red.  ultraviolet,  and  visible  radiation  in  the 
vicinity  of  the  space  shuttle. 
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Spacet'rafl  Contamination  Modelin^r  - 
SOCR.ATES  (Shuttle  Orbiter  Contamination 
Representation  .Accountinjr  for  Transient 
Emitted  Species)  Code. 

The  SOCRATES  code  is  being  designed 
in  a  highly  modularized  fashion,  so  that 
additional  physical  and  geometric  com¬ 
plexity  can  be  added  as  deemed  necessary 
without  requiring  major  rewriting  of  the 
model.  SOCRATES  now  treats  plume 
modeling  and  exhaust  flow-field  computa¬ 
tions.  Eventually,  it  will  be  employed  for 
computer  simulation  analysis  by  incorpo¬ 
rating  critical  ionization  effects,  surface 
chemical  reactions,  charged  particle  trans¬ 
port,  molecular  dissociative  recombina¬ 
tions,  and  radiation  contamination. 

Shuttle  Particulate  Contamination 
Measurements:  The  particulate  environ¬ 
ment  surrounding  the  shuttle  during  Mis¬ 
sion  61-C  in  January,  1986,  was  observed 
using  a  pair  of  cameras  mounted  in  a 
stereoscopic  configuration.  In  addition  to 
solar-illumination,  a  strobe  flash  unit  was 
used  to  provide  illumination  so  that  partic¬ 
ulates  could  be  observed  during  orbital 
night.  Data  was  acquired  throughout  the 
mission.  Although  events  such  as  water 
dumps,  maneuvers,  satellite  launches  and 
payload  bay  door  operations,  and  even  the 
orbital  environment,  were  often  found  to 
be  very  benign,  there  were  times  when 
contamination  was  severe  (see  the  “bliz- 


Shuttle  Purticulate  Contamination 
Measurements. 

zard-like"  contamination  distribution  in 
the  figure). 

The  program  goal  is  to  develop  guide¬ 
lines  for  specifying  when  the  environment 
will  be  acceptable  to  perform  shuttle- 
ba.sed  optical  measurements.  Particles 
were  observed  even  during  periods  when 
all  operations  (and  maneuvers)  were  dis¬ 
abled.  Nearly  15,000  frames  of  data  were 
acquired  over  83  orbits.  The  key  observa¬ 
tional  parameter  was  solar  scattering  an¬ 
gle.  Particles  were  observed  about  40 
percent  of  the  time  when  illumination 
conditions  were  optimal.  Particle  angular 
velocities  were  obtained  from  a  series  of 
sequential  exposures.  Source  locations 
have  now  been  tentatively  identified  and 
the  observations  have  been  analyzed  in 
light  of  Mie  scattering  calculations  in 
order  to  estimate  particle  characteristics 
and  to  assess  impacts  in  other  sensing 
bandpasses,  especially  the  infrared. 


Shuttle  Glow:  A  glow,  or  halo,  has  been 
observed  off  surfaces  of  the  space  shuttle 
when  those  surfaces  are  in  the  ram  direc¬ 
tion.  On  some  flights  the  glow  was  visible 
to  the  naked  eye.  The  observations  to  date 
have  been  made  with  hand-held  cameras 
from  the  astronauts’  cabin.  These  obser¬ 
vations  indicate  that:  the  glow  extends 
about  20  cm  beyond  the  surface;  its  spec¬ 
trum  is  nearly  a  continuum  with  a  maxi¬ 
mum  at  about  600  nm;  it  depends,  to  some 
extent,  on  the  chemical  composition  of  the 
surface;  it  is  strongly  influenced  by  the 
firing  of  thruster  engines;  and  its  intensi¬ 
ty  depends  on  the  altitude.  Analysis  of 
photometric  data  from  Atmospheric  Ex¬ 
plorer  (AE)  and  Dynamic  Explorer  (DE) 
satellites  indicates  that  the  glow  is  a 
general  phenomenon  associated  with  all 
spacecraft  in  low  earth  density.  Infrared 
and  ultraviolet  data  are  needed.  Current 
interpretation  of  the  origin  of  the  glow 
suggests  that  it  is  caused  by  nitrogen 
dioxide,  NO^,  formed  by  a  complex  se¬ 
quence  of  chemical  reactions  between  the 
ambient  atmospheric  species  (nearly  70 
percent  of  which  are  oxygen  atoms)  and 
the  shuttle  surfaces  in  the  ram  direction. 
The  shuttle  velocity  is  approximately  7.3 
km  per  sec  (corresponding  to  an  energy  of 
4.4  eV).  Support  for  this  theory  has  been 
obtained  from  our  analysis  of  mass  spec¬ 
trometer  data,  which  indicates  that  NO .  is 
present  in  sufficiei  quantities  to  cause 
the  glow. 

Spacecraft  Charging:  The  centerpiece 
of  our  interactions  modeling  program  is 
the  three-dimensional  simulation  code  PO¬ 
LAR  (Potentials  of  a  Large  Object  in  the 
Auroral  Region).  The  POLAR  code  simu¬ 
lates  in  three  dimensions  the  electrical 
interaction  of  the  shuttle  or  any  space 
vehicle  with  the  space  plasma.  It  models 
the  physical  processes  of  wake  genera- 
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The  code  follows  these  processes  dy¬ 
namically  on  a  subsecond  timescale  so  as 
to  simulate  the  shuttle’s  rapid  passage 
through  intense  auroral  arcs  or  the  emis¬ 
sion  of  charged  particles.  POLAR  models 
the  ambient  plasma  as  isotropic  Maxwelli¬ 
an  electrons  and  ions  and  allows  for 
simultaneous  precipitation  of  power-law, 
energetic  Maxwellian  and  accelerated 
Gaussian  distributions  of  electrons.  Geo¬ 
magnetic  field  effects  are  included  in  par¬ 
ticle  dynamics  and  conductor  potentials. 
POLAR  computes  charging  in  the  low- 
altitude  space  environment  for  individual 
portions  of  a  vehicle's  surface.  It  does  so 
by  tracking  ambient  ram  ions  through  the 
plasma  sheath  and  wake  surrounding  the 
vehicle,  computing  the  incident  auroral 
electron  flux,  updating  individual  surface 
potentials,  and  solving  Poisson's  equation 
self-consistently  with  computed  space 
charge  densities. 


POLAR  is  now  installed  on  a  dedicated 
super-mini  computer,  and  in-house  efforts 
have  expanded  to  include  applications  of 
POLAR,  validation  studies,  comparison 
with  flight  data,  and  separate  numerical 
studies.  Electrical  charging  of  spacecraft 
by  intense  10  keV  auroral  electron 
streams  to  high  negative  potentials  has 
been  observed  on  DMSP  (Defense  Meteor¬ 
ological  Satellite  Program)  satellite  space¬ 
craft.  POLAR  has  scored  initial  success  in 
modeling  the  auroral  charging  of  an  ideal¬ 
ized  spacecraft,  and  studies  using  a  de¬ 
tailed  representation  of  a  DMSP  craft  are 
now  underway. 

Interactions  theory  predicts  that  auro¬ 
ral  charging  is  more  dramatic  for  larger 
vehicles  such  as  the  shuttle,  even  in  the 
low  altitude  space  environment.  A  nega¬ 
tively  charged  vehicle  collects  positive 
ions  through  a  plasma  sheath  whose  thick¬ 
ness  is  proportional  to  potential  and 
roughly  independent  of  vehicle  size,  so 
that  the  potential  must  increase  in  magni¬ 
tude  for  the  sheath  to  scale  with  space¬ 
craft  size.  Modeling  w'ith  POLAR  has 
confirmed  this  theoretical  prediction  and 
demonstrated  that  charging  potential 
scales  as  the  4/3  power  of  the  vehicle  size. 
POLAR  has  further  demonstrated  that 
this  scaling  relation  is  modified  by  the 
secondary  emission  properties  of  the  sur¬ 
face  materials. 

As  with  the  size  effect,  access  to  ions  is 
the  key  to  other  auroral  charging  events 
that  occur  when  small  subsatellites  such 
as  the  astronaut’.s  MMU  (Manned  Maneu¬ 
vering  Unit)  operate  in  regions  of  local  ion 
depletion  such  as  the  shuttle  wake,  or  the 
sheath  of  another  charged  object.  POLAR 
has  been  used  to  model  a  MMU-shuttle 
wake  scenario  and,  again,  confirmed 
quantified  predictions.  These  results  are 
illustrated  in  the  figure. 
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F’()LAR  Code  Calculation  of  Charjcinn 
Kxperienced  by  Astronaut  Operating:  a 
Manned  Maneuvering  Unit  in  Ion  Wake. 

The  MACH  (Mesothermal  Auroral 
Charirinfr)  code  was  developed  at  AFGL  to 


independently  validate  the  physics  in  PO¬ 
LAR,  and  to  simulate  space-probe  interac¬ 
tions  with  well-known  physics.  MACH 
treats  cylindrically  symmetric  vehicles  by 
inside-out  particle-tracking  techniques. 
Cycles  of  particle  tracking  and  potential 
solving  converge  to  a  self-consistent  solu¬ 
tion  in  which  the  details  of  the  physics, 
particle  tracking,  and  potential  solving  are 
well  understood.  The  heuristic  algorithms 
in  POLAR,  which  make  possible  three- 
dimensional  solutions  for  complex  bodies 
in  a  short  time,  are  validated  by  MACH 
for  simpler  geometries.  In  this  way  the 
limits  of  validity  of  the  POLAR  code  are 
obtained.  MACH  is  employed  independent¬ 
ly  as  well,  to  study  the  kinetic  details  of  a 
plasma  sheath-wake  interaction,  confirm¬ 
ing  that  under  most  circumstances  a 
sheath  edge  can  exist  in  a  high  MACH 
flow  wake. 

Plasma  Generation  by  Critical  Ioniza¬ 
tion  Velocity:  The  Critical  Ionization  Ve¬ 
locity  (CIV)  theory  was  proposed  to  ex¬ 
plain  how  matter  accreted  during  the 
formation  of  the  solar  system.  This  theory 
postulates  that  atoms  are  ionized  when 
their  velocity  reaches  a  value  such  that 
their  kinetic  energies  are  equal  to  their 
ionization  potential.  Six  space  experiments 
have  been  conducted  in  order  to  confirm 
the  theory;  of  these,  only  one  gave  posi¬ 
tive  results.  Analysis  in  our  laboratory 
has  suggested  a  unique  experiment  which 
will  establish  the  occurrence  of  CIV  in 
space.  In  addition,  we  have  established  a 
definitive  diagnostic  measurement  which 
will  identify  whether  or  not  CIV  has  taken 
place.  The  question  is  very  important  for  a 
number  of  applications,  one  of  which  is 
the  circumstance  under  which  the  exhaust 
of  a  space  vehicle  in  low  earth  orbit  will 
become  ionized.  If  ionization  does  occur, 
for  example  in  the  exhaust  of  the  space 


shuttle  enj^ines,  then  the  resulting  ions 
will  be  trapite<i  in  the  earth's  magnetic 
field  and  will  separate  from  the  neutral 
plumes,  giving  rise  to  an  extended  source 
of  radiation.  This  is  important  for  any 
application  which  involves  the  meas¬ 
urement  of  radiation  from  low  earth-orbit 
platforms. 

Plasma  Wave  Field  of  Spacecraft:  The 

shuttle  and  other  low-altitude  spacecraft 
move  through  a  plasma  with  a  number 
density  on  the  order  of  10'  cni'^  The 
interaction  of  the  spacecraft  with  this 
ambient  plasma  can  lead  to  waves  and 
shock-like  structures  (see  the  figure).  The 
importance  of  the  waves  is  that  they 
contribute  to  a  complex  environment  in 
the  neighborhood  of  the  spacecraft,  inter¬ 


acting  with  ions  of  ambient  and  spacecraft 
origins,  and  may  provide  a  plasma  signa¬ 
ture  detectable  at  large  distances  from 
the  spacecraft.  The  propagation  of  waves 
to  large  distances  is  associated  with  the 
strongly  anisotropic  character  of  the 
phase  and  group  velocities  of  cold  plasma 
waves  in  three  regimes:  Alfven  waves, 
whistlers,  and  upper  hybrid  waves.  The 
first  two  regimes,  which  aj'e  likely  to  be 
the  most  important,  are  characterized  by 
vanishing  of  the  phase  velocity  perpendic¬ 
ular  to  the  field  and  the  presence  of  real 
spatial  characteristics  associated  with  the 
propagation  of  discontinuities.  Analysis 
has  shown  that  these  waves,  unlike  those 
in  other  regimes,  propagate  essentially 
undamped  within  a  cone  around  the  field 
extending  from  the  source.  These  waves 
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have  been  urKlerstood  in  the  low  frequen¬ 
cy  api)roxiniation  for  many  years  in  the 
form  of  Alfven  winj^s.  The  typical  propa¬ 
gation  within  the  characteristic  cone  has 
recently  been  observed  duritif^  beam  oper¬ 
ations  on  the  shuttle.  Here,  the  wmve 
power  aiipears  sharply  confined  within  the 
whistler  cone  at  all  freciuencies  between 
the  lower  hybrid  and  the  electron  gyrofre- 
qucncy,  and  n  suits  of  numerical  integra¬ 
tion  appear  to  be  in  reasonable  agreement 
with  the  observations. 

SPACE  SYSTEMS  ENVIRONMENT 
INTERACTIONS  TECHNOLOGY 

The  Space  Systems  Environment  Inter¬ 
actions  Technology  Program  addresses 
the  impact  of  the  space  environment  on 
large  space  structures  and  systems  to  be 
designed  and  built  for  use  in  the  1990's 
and  beyond.  The  program  capitalizes  on 
space  environment  research  results  car¬ 
ried  out  at  AFGL  and  other  DoD  a  id 
civilian  research  agencies.  Its  purpose  is 
to  transition  new  knowledge  about  the 
environmental  sensitivities  of  emerging 
technologies  into  the  design  and  develop¬ 
ment  of  future  space  systems. 

A  review  of  Air  Force  and  NASA  re¬ 
search  program  results  on  the  interaction 
of  the  space  environment  with  space  sys¬ 
tems  was  completed.  The  review  identified 
seven  interaction  areas  which  can  be  criti¬ 
cal  to  large,  high-powered  space  systems. 
These  are  spacecraft  charging,  radiation, 
contamination,  atomic  oxygen  erosion,  mi¬ 
crometeoroid  and  man-made  debris  im¬ 
pacts,  high-voltage  interactions,  and  me¬ 
chanical  stresses.  The  status  of  existing 
standards  and  specifications  in  these  ar¬ 
eas  w'as  also  reviewed.  A  list  of  recom¬ 
mended  standards,  handbooks,  computer- 
aided  engineering  tools,  and  prehand¬ 
books  was  prepared.  (Prehandbooks  sum¬ 


marize  available  knowledge  in  areas 
which  are  not  sufficiently  mature  for 
standards  to  be  prepared.) 

Spacecraft  charging  effects  on  astronaut 
extravehicular  activity  (EV.\)  cniuipment 
w'ere  identified  as  a  high-intere.st  tojiic. 
AP^GL,  working  with  the  NASA  Johnson 
Space  Center  Crew  Systems  Division  and 
the  Air  Force  Space  Division  Office  of 
Manned  Spaceflight,  conducted  an  initial 
evaluation  of  the  effects  of  polar-auroral 
charging  on  extravehicular  activity  (EV.\) 
equipment.  The  evaluation  showed  that 
charging  is  expected  to  result  when  extra¬ 
vehicular  activity  is  conducted  during  the 
infrequent  severe  auroral  substorms  that 
can  occur  at  any  moment.  Arc  discharges 
are  expected  to  result  for  extreme  values 
of  differential  charging.  Currently,  the 
consequences  of  charging  on  the  EVA 
equipment  cannot  be  predicted.  Even  if  the 
existing  electrostatic  discharge  test  were 
used,  it  is  not  considered  definitive  or 
predictive  of  subsequent  performance  in 
space.  A  program  to  validate  electrostatic 
discharge  testing,  using  the  existing  EVA 
equipment  as  a  target  system  for  test 
development,  has  been  proposed.  It  would 
provide  the  answers  for  the  EVA  ecjuip- 
ment,  as  well  as  validate  a  test  which 
would  benefit  all  space  systems. 

The  Interactions  Measurement  Pay- 
loads  (IMPs)  project  is  planned  as  a  series 
of  integrated  payloads  to  be  carried  on 
low-altitude,  high-inclination  space  shuttle 
flights  (.see  the  figure).  The  IMPs  will  be 
instrumented  to  quantify  the  adverse  ef¬ 
fects  of  si)ace  on  materials,  eciuipment. 
and  technologies.  Typical  interaction  ef¬ 
fects  anticipated  include  atomic  oxygen 
erosion,  differential  charging,  material 
degradation,  and  arc-discharge. 

The  first  complement  of  engineering  in¬ 
vestigations  (experiments)  and  environ¬ 
mental  diagnostics  sensors  has  tieen  de- 
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fiiUMl,  T1h‘  Fh(il(ivi)liaic  An-uy  Space  Power 
(PASP)  experiment  will  measure  the  s[)ace- 
en\  ironment  effects  on  the  performance 
envelopes  of  selected  solar-array  technolo- 
jfies  ((iaAs  cells,  a  conductor-encapsulated 
array,  several  types  of  concentrator  ar¬ 
rays)  havinjr  particular  military  api)lica- 
tions,  e.^'-..  enhanced  reliability  (at  hi^iier 
voltapm  levels)  and  lessened  vulnerability 
to  laser  attack.  The  Arizona  Imager-Sjjec- 
tro^maph  (AIS)  experiment  will  measure 
the  spatial  and  temporal  characteristics  of 
ojitical  emission  (resulting:  from  sjiacecraft- 
environment  interactions)  that  could  inter¬ 
fere  with  the  operation  of  military  laser 
and  optical  surveillance  space  systems.  The 
Surface  Potential  Monitor  (SPM)  experi¬ 
ment  will  measure  surface  differential 
charjrinpr  and  material  [troperty  charifies 
induced  by  the  space  envirf)nment  on  mate¬ 
rials  typically  used  in  spacecraft  construc¬ 
tion.  .-\  Transient  Pulse  Monitor  (TPM) 
instrument  will  detect  arc  discharjtes  on 
vttrious  I  Mi's  experiments  and  determine 
arc-pulse  characteristics. 

The  IMf’s  environmental  diagnostics 
are  beitpt  in'etcrated  as  a  by  the 
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The  packajte  will  contain  a  pressure 
jtau^te  (to  measure  ambient  atmospheric 
pressure),  a  tjuadrupole  mass  spectrome¬ 
ter  (to  measure  neutral  and  positive-ion 
composition),  an  electi-ostatic  analyzer  (to 
measure  the  spectral  and  directional  char¬ 
acteristics  of  energetic  electrons  and 
ions),  a  differential  ion-flux  probe  (to 
measure  enhancements  in  the  vector  ion 
flow),  a  superthermal  electron  spectrome¬ 
ter  (to  measure  the  low-energy,  0-20  eV, 
electron  spectrum),  and  a  plasmas  and 
fields  instrument  (to  measure  ac  and  dc 
electric  and  magnetic  fields). 

Design  of  the  engineering  experiments 
and  environmental  sensors  began  in  mid- 
11)8').  Preliminary  Design  Reviews  will  be 
completed  in  January,  1987.  The  Critical 
Design  Reviews  for  the  experiments  and 
sensors  are  scheduled  to  be  completed  in 
early  1988.  Flight  instrument  delivery  is 
expected  in  mid-1989.  Flight  of  the  full 
IMPs  on  a  free-flyer  subsatellite  deployed 
from  the  shuttle  is  expected  in  the  1990-92 
timeframe.  An  earlier  flight  of  a  lesser 
IMPs  complement  is  being  evaluated  for 
an  earlier  launch  opportunity. 

The  automated  Charge  Control  System 
(CCS)  is  based  on  results  from  the  Space¬ 
craft  Charging  at  High  Altitudes  (SCA- 
THA)  program.  Geosynchronous  SCATHA 
operations  demonstrated  that  satellite  sur¬ 
face  charge  could  be  actively  controlled 
(dissipated)  using  a  plasma  source.  The 
[)rototype  CCS,  being  developed  under  con¬ 
tract  to  Hughes  Research  Laboratories, 
will  have  three  charge  detection  capabili¬ 
ties:  (1)  an  electron  and  proton  electrostatic 
analyzer,  (2)  a  surface  potential  monitor, 
and  (d)  a  transient  pulse  monitor.  A  new 
(luick-start  neutral  plasma  source  has  been 
designed  to  essentially  clamp  the  space¬ 
craft  to  the  background  plasma  and  pro¬ 
vide  a  mechanism  to  dissipate  any  differen- 
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I’lTspi'ctive  View  of  Automated  Charge 
Control  System. 


tial  charge  build-up  before  a  potentially 
harmful  discharge  can  occur. 

The  breadboard  demonstration  showed 
that  the  CCS  being  developed  is  capable  of 
operating  as  designed  to  mitigate  charge 
build-up  on  geosynchronous  spacecraft. 
The  prototype  design  has  been  completed 
and  the  contractor  has  begun  fabrication 
of  the  flight  units.  NASA/NOAA  has 
proposed  flying  the  prototype  unit  on  a 
Geostationary  Operational  Environmental 
Satellite  (GOES)  in  FY90.  Flight  units  are 
scheduled  for  delivery  to  the  Space  Test 
Program  in  1988. 
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Klsth  Mttr,  of  .\ni.  .Vstron.  Soc..  .Vines,  lA  (22-2(; 
June  19S(i| 

Solar-Cycle  Variation  in  Hif/li-Latitnde  Coronal 
FE  XIV  Emission 

TV,,,  InO'riijitional  .Solar  Cycle  Workshop,  I:  Solar 
Minimum  I’ha.se:  Kig  Bear  Solar  Oh.servatory.  C.V 
(17-2(1  August  198(5) 

Corona!  (Ireen-Line  Transient  Statistics. 
International  Meeting  on  Solar  Events  and  Their 
Influence  on  the  Interplanetary  .Medium,  Estes 
Park,  CO  (8-11  September  198(1) 

Altkock,  R,C.  (AFGL);  Smith,  R.C. 
(National  Solar  Observatory,  Sunspot, 
NM) 

The  Eelationshij)  of  Emission-Line  Transients 
in  the  Loir  Solar  Corona  to  H-.-Mpha  Activity 
.VOr  Mtg.,  .San  Francisco,  C.-\  (9-12  December 
1!)8,')| 

The  Eelationship  of  Emission-Line  Transients 
III  the  Loir  .Solar  Corona  to  H-.AIpha  .Activity 
,Vm  ,Vstron.  .Soc,  Mtg.  No  KiT,  Houston,  TX  ((5-9 
•lanuary  198(5) 


Aetkock,  R,C,  (AFGL);  FiSHEK,  R.R,, 
and  SiME,  D.G,  (High  Altitude  Ob«., 
Boulder,  CO) 

Results  from  the  Coronal  Photometry  at  SSO. 
L  Three-Line  Observations  of  the  Corona  in 

im 

.Vm.  .Vstronomical  Soc.  Mtg..  Tuc.son,  .VZ  (Pl-l-o 
May  198.')) 


Bass,  J.N.  (RADFX,  Corp.,  Carlisle, 
MA);  Gcssenhoven,  M.S.,  and  Repcs, 
R.H.  (AFGL) 

The  Importanee  of  .Adiabatic  Variations  in 
Trapped  Particle  Distributions  Observed  by  the 
SCATHA  Satellite 

.VCr  Mtg.,  Baltimore,  .Ml)  (19-255  .May  198(5): 
European  Geophys.  Soc.  Mtg.,  Kiel.  Germany  (20- 
:5))  .Vugust  198(5) 

Block,  L.P.  (The  Royal  Inst,  of  Tech., 
Stockholm,  Sweden);  R(4THWELL,  P.L. 
(AFGL);  and  Silevitch,  M.B. 

(Northeastern  Univ.,  Boston,  MA) 

A  .\eic  Mode!  for  Substorm  Breakup 

■VGL'  Mtg..  San  Francisco.  C.V  (8-12  December 

198G) 

Bcrke,  W.J. 

Ionospheric  Signatwes  of  the  Low  Latitude 
Boundary  Layer 

lAG.V  .5lh  Scientific  .Vssbly.,  Prague, 
Czechoslovakia  (.>17  .Vugust  198.o) 


Bcrke,  W.J.,  and  Doyle,  M.A. 

Interplanetary  Control  of  High  Latitude 
Electrodynamics 

lAG.V  Mtg.,  Prague,  Czechoslovakia  1(5  August 
198.5) 


Bythrow,  P.F.  (JHU/APL,  Laurel, 

MD);  Doyle,  M.A.  (AFGL);  Meng,  C.-I. 
(JHU/APL,  Laurel,  MD);  Huffman, 
R.F.,  Hardy,  D.A.,  Rich,  F.J.  (AFGL); 
Potemra,  T.A.,  and  Zaneiti,  L.J. 
(JHU/APL,  Laurel,  MD) 

The  Kelvin  Helmholtz  Instability  at  the  BPS' 
CPS  Interface:  A  Source  of  Small-Scale 
Birkeland  Currents  and  Aurora!  Arcs 
.VGU  .Mtg..  Baltimore,  MD  (27-551  May  1985) 
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Clivkr,  E.W.  (AFGL):  and  Kahlkk, 

S.W.  (Emmanuel  Coll.,  Boston,  MA) 
Scioitific  Results  fruiu  STIR  luterral  AVI'  -  JO 
May-JQ  July  IJSJ 

STIP  Symp.  on  Retrospective  .Analyses  and 
Future  Coordinated  Intervals,  Les  Diablerets, 
Switzerland  (10-12  June  lOS.o) 

Clivek,  E.W.  (AFGL);  Forke.st,  D.J. 
(Univ.  of  New  Hampshire,  Durham, 
NH):  McGuire,  R.E.,  and  von 
Rosknvinoe,  T.T.  (NASA/GSFC, 
Greenbelt,  MD) 

Solur-Flure  (Itiniuta-Rays  and  Interplanetary 
Proton  k'rents 

XXVI  COSP.AR  Plenary  Mtg.,  Toulouse,  France 
(do  June- 12  July  19S(i) 

Ci.iVER,  E.W.  (AFGL):  Mihai-OV,  J.D. 
(NASA  Ames  Research  Ctr.,  Moffett 
Field,  CA):  Sheeley,  N.R.,  Jr., 
Howard,  R.A.,  and  Koo.men,  M.J. 
(NRL,  Washington,  DC) 

A:imuthally-Sy)n>netric  Cosmic  Ray 
Modulation  and  Solar  Activity  in  Mid-IOSJ 
.ACiU  Mti:.,  Kalliniore.  MD  (10-2.')  May  1986) 

Ci.ivER,  E.W.  (AFGL);  Dennis,  B.R., 
Kipi.inoer,  A.L.  (NASA  Goddard  Space 
Flight  Ctr.,  Greenbelt,  MD);  Kane,  S.R. 
(Univ.  of  California,  Berkeley,  CA); 
Neidk;,  D.F.  (AFGL);  Sheeley,  N.R., 
Jr.,  and  Koomen,  M.J.  (NRL, 
Washington,  DC) 

Solar  Gradual  Hard  X-Ray  Bursts  and 
Associated  Phenomena 

XXVI  COSP.AR  Plenary  .Mt^.,  Toulouse.  PVance 
(dO  .June-12  July  1986) 


Cohen,  H.A.,  Lai,  S.T.  (AFGL);  and 
McNeil,  W.J.  (RADEX,  Carlisle,  MA) 

Electron  Ream  Luminosity  on  the  SCEX 
Rocket 

AGU  Mtg.,  Baltimore.  MD  (June  198,5) 

Vehicle  Potential  Caused  by  Ejected  Electron 
Current:  Son-Monotonic  Behavior 
A(jU  .Mt>j..  San  Francisco,  CA  (.5-10  December 
198.5) 


Cooke,  D.  (RADEX  Corp.,  Carlisle, 
MA);  Dubs,  C.,  and  Heinemann,  M. 
(AFGL) 

Cross-Field  Transport  of  Electrons: 

Implications  J'or  the  POLAR  Code.  Spacecraft 
Charging 

AGU  Mtt;..  Baltimore,  MD  (19-23  May  1986) 

Cooke,  D.L.,  Tautz,  M.  (RADEX 
Corp.,  Carlisle,  MA);  and  Rubin,  A.G. 
(AFGL) 

The  Sheath  Edge  of  a  Charged  Object  in  a 
Floicing  Plasma 

AGU  Meetinj;:.  San  Francisco,  CA  (8-12  December 
1986) 


Denig,  W.F.,  Pike,  C.P.  (AFGL); 
Mende,  S.B.  (Lockheed,  Palo  Alto,  CA); 
and  Leestma,  D.  (NASA-JSC/Houston, 
TX) 

Shuttle  Auroral  Photography  Experiment 
•AGU  Mtg..  Baltimore,  MD  (27-31  May  1985) 

Denig,  W.F.  (AFGL);  Barrpjtt,  J.L., 
Trowbridge,  C.  (Photometries,  Inc., 
Woburn,  MA);  Kpjndall,  D.J.W.  (Natl. 
Research  Council,  Ottawa,  Ontario, 
Canada);  and  Mende,  S.B.  (Lockheed 
Palo  Alto  Research  Lab.,  Palo  Alto, 

CA) 

Spectrometric  Observations  of  Aurora  from 
Space 

.AGU  Mtg..  San  Francisco.  CA  (8-12  December 
1986) 

Denig,  W.F.,  Pike,  C.P.  (AFGL); 
Mende,  S.B.,  Swenson,  G.R.  (Lockheed 
Missiles  and  Rocket  Co.,  Inc.,  Palo 
Alto,  CA);  Kendall,  D.  (NRC, 

Canada);  and  Llewellyn,  E.J.  (Univ. 
of  Saskatchewan,  Saskatoon,  Canada) 
Auroral  Observation  from  the  Space  Shuttle 
Internal.  Assbly.  of  Geodesy  and  Aeronomy, 
Prague,  Czechoslovakia  (9-12  August  1985) 

Donatelli,  D.E. 

Induced  Perturbations  in  Space  Plasmas 
Internal,  Symp.  on  Space  Phys.,  Beijing,  China 
(10-14  November  1986) 


61 


Dryer,  M.  (NOAA,  Boulder,  CO);  and 
Shea,  M.A.  (AFGL) 

Scioitiju'  Highlights  of  the  Study  of  Trarelling 
Interplouetnry  Phenomena  (STIP)  Interrals 
During  the  SMY'SMA 

XXVI  COSPAR  Plenary  MtK-.  Toulouse.  France 
(:i()  June-12  July  1986) 

Dubs,  C.,  and  Heinemann,  M. 

Ion  Trajeetories  and  Current  to  a  Long 
Conducting  Cylinder  Moving  Thru  a 
Mngnetopinsmn 

AdU  Ml};..  Baltimore.  MD  (27-21  May  198.7) 

Ernstmeyer,  J. 

On  the  Propagation  of  Instabilities  out  of  a 
Spatially  ('onfined  Electron  Beam 
.AGU  Ml};..  San  Francisco.  CA  (9-12  December 
198.7) 

Collisionless  Heating  of  Ionospheric  Plasma  by 
an  Electron  Beam 

XXVI  COSP.AR  Mt}f..  Toulouse.  France  (20  June- 
12  July  1986) 


Fiuz,  R.C. 

Observations  of  E>J0  meV  Solar  Protons  Over 
the  Polar  Caps  in  April  I9Si  ['sing  the 
Dosimeter  on  the  DMSP^FT  Satellite 
•VGU  Ml}:..  San  Francisco.  CA  (9-12  December 
198,7) 

Trapped  Inner  Zone  Proton  Fluxes  in  1984-5 
Measured  ivilh  the  AFGL  DMSP/F7  Dosimeter 
•AGl'  Ml};..  San  Francisco.  CA  (8-12  December 
1986) 

Fisher,  R.R.  (High  Altitude  Obs., 
Boulder,  CO);  Altrock,  R.C.  (AFGL); 
and  SiME,  D.G.  (High  Altitude  Obs., 
Boulder.  CO) 

Results  from  the  Corona!  Photometry  Program 
at  XSO.  IH:  The  Green  Line  and  White  Light 
Corona  Compared 

A.-\S  S'Jar  Phys.  Div.  ('onf.,  Tucson.  AZ  (12-1.7 
May  198.7) 

Fi.uckiger,  E.O.  (Physikalisches 
Institut,  Universitat  Bern,  Bern, 
Switzerland);  Smart,  D.F.,  Shea,  M.A. 


(AFGL);  and  Gentile,  L.C.  (Emmanuel 
Coll.,  Boston,  MA) 

On  the  Correlation  Between  Asymptotic 
Directions  of  Cosmic  Ray  Particles  and  Cutoff 
Rigidities  in  the  Evolving  Geomagnetic  Field 
A(jU  Ml};.,  San  Francisco.  C.A  (8-12  December 
1986) 


FluCKIGER,  E.O.,  ScUNTARO,  W. 
(Physikalisches  Institut,  Universitat 
Bern,  Bern,  Switzerland);  Smart,  D.F., 
and  Shea,  M.A.  (AFGL) 

Determining  the  Strength  of  the  Ring  and  the 
Magnetopause  Currents  During  the  Initial 
Phase  of  a  Geomagnetic  Storm  ['sing  Cosmic 
Ray  Data 

.AGU  .Mt};..  San  Francisco,  C.A  (8-12  December 
1986) 

Gelpi,  C.,  Hughes,  W.J.  (Boston  Univ., 
Boston,  MA);  and  Singer,  H.J.  (AFGL) 

Longitudinal  Phase  and  Polarization 
Characteristics  of  Mid-Latitude  Pi  J  Pulsations 
l.AGA  -716  Scientific  .Assbly..  Prague, 
Czechoslovakia  (5-17  August  1985) 

Gelpi,  C.  (Boston  Univ.,  Boston,  MA); 
Singer,  H.J.  (AFGL);  and  Hughes, 

W’.J.  (Boston  Univ.,  Boston,  MA) 

Auroral  Surge  Forms  and  Mid-Latitude 
Magnetic  Substorm  Signatures 
l.AGA  5th  Scientific  Assbly.,  Prague. 
Czechoslovakia  (.7-17  .August  198.7) 

Green,  B.D.  (Physical  Sciences,  Inc., 
Andover,  MA);  and  Murad,  E.  (AFGL) 

The  Xaturc  of  the  Glow  and  Its  Ramifications 
on  Space-Based  Observations 
AIAA  20lh  Thermophysics  Conf.,  Williamsburg, 
V'A  (19-20  June  198.7) 


Gitdice,  D.E. 

IMPS  Investigations  of  Space-Environment 
Effects  on  Enabling  Technologies 
AIAA  24th  Aerospace  Mtg.,  Reno,  NV  (6-9 
January  1986) 

Gussenh(JVEN,  M.S.,  and  Hardy,  D.A. 

Parametric  Variations  in  the  Polar  Rain  and 
the  Solar  Wind 

XXVI  CO.SPAR  Mtg.,  Toulouse,  Prance  (20  June- 
12  July  1986) 


GrssKNHovKN.  M.S.,  Hakdv,  D.A. 
(AFGL);  and  Bkai  ticam.  1). 

(Emmanuel  Coll.,  Boston,  MA) 

H  f  Cusp  Aspfu  fuet ni's 

A(ir  San  Francisco,  ('A  December 

litsb) 

(jrssKNHovKN,  M.S.  (AFGL);  Cravf.n, 
J.I).,  Fha.n'K,  L.A.  (Univ.  of  Iowa,  Iowa 
City,  lA):  and  Bakkr,  D.X.  (Los 
Alamos  N'atl.  Lab.,  Los  Alamos,  XM) 

Highlfi  Asgiii  iniinr  Rfs/xiusc  uf  the  High 
Lalitiuii'  Miigiirfiisphi'rc  for  H;  Xorth ini rd 
.\(U'  M's;,.  Sun  Frum-isnu,  ('.\  lO-Ui 

I I 

Gfssknhovkn,  M.S.,  Hardy,  D.A., 

Rfdi  s,  K.H.  (AFGL);  Yk'h,  H.-C. 

(Boston  Coll.,  Newton,  MA);  and 
Hkinkman.v,  X,  (Emmanuel  Coll., 
Boston,  MA) 

Prrcipituting  KU’Ctron  tmd  Ion  Morphology  in 

the  Poliir  Clip  on  II  .hinnnry  HfSJ 

.AGC  Mtji..  Hciltinuin',  Ml)  (19-2;i  Muy  19S6I 

Hall,  W.X,  (AFGL);  Jongfward,  G.A., 
Katz,  L,  and  Lillev,  J.R.  (S-Cubed, 
Inc.,  La,Jolla,  CA) 

ShiiHlr  and  Aulronaut  Charging  in  Polar 
(frill 

.\L\.\  'i4di  .XiTospack'  Sci.  Mlf;..  Reno,  NV  IS-S 
■Junuarv  19S)i) 

Hall,  W.X.  (AFGL);  Lelna;,  P.  (Jet 
Propulsion  Lab.,  Pasadena,  CA);  Katz, 
L,  JONdKWARD,  G.A.,  Lilley,  J.R.  (S- 
Cubed,  Inc.,  La  Jolla,  CA);  Na.nevk’Z, 
J.E.,  Thayer,  J.b.  (SRI,  Internat., 

Menlo  Park,  CA);  and  Stevexs,  N.J. 
(TRW,  Inc.,  Redondo  Beach,  CA) 

Polar-Auroral  ('barging  of  thr  Space  Shuttle 
and  EVA  Astronaut 

Elei.'trnmaKnetio  Wave  F’ropanation  F^anel  Symp. 
lAG.ARI))  The  Hasue,  Netherlands  (2-.u  .June 
19SS) 


Hardy,  D.A. 

Mass  Transfer  from  the  Magnetosphere  to  the 
Ionosphere 

•AGl’  Mtft..  San  Eranciseo.  t'.4  (813  December 
198.4) 


Hardy,  D.A.,  and  Bi.rke,  W.J. 

Iinptilsire  Precipitation  of  Electrons  in  the 

Morning  Side  Diffuse  Aurora 

.AGl'  .Ml);.,  San  Francisco,  C.A  (8-13  December 

198.’)) 


Hardy.  D.A.,  Gissenhovex,  M.S. 
(AFGL);  and  Bkaiticam,  D. 

(Emmanuel  Coll.,  Boston,  MA) 

The  Areraye  Global  Pattern  of  Aurora!  Ion 
Precipitation 

XXVI  GOSF'.AR  Mt);.,  Toulouse,  France  (30  June- 
12  July  198(i) 

Hardy,  D.A.,  Gissenhovex,  M.S. 
(AFGL);  Holemax,  E.,  Bfrkhardt,  R. 
(Emmanuel  Coll.,  Boston,  MA);  and 
Heine.maxx,  N.  (Boston  Coll,,  Newton, 
MA) 

Variation  in  the  Pattern  of  High  Latitude 
Particle  Precipitation  with  the  Orientation  of 
the  IMF 

.•\GL'  Chapman  Conf.  on  Solar  Wind 
.Majrneto.spheric  Coupling,  Pasadena,  C.A  (12-15 
February  198.5) 

Heelis,  R.A.  (Univ.  of  Texas, 
Richardson,  TX);  WiXXlNGHAM,  J.D. 
(Southwest  Research  Inst.,  San 
Antonio,  TX);  Maynard,  N.C.  (AFGL); 
and  Brace,  L.H.  (Goddard  Space  Flight 
Ctr.,  Greenbelt,  MD) 

Magnetospheric  Fields  in  the  Mid-Latitude 

Ionosphere  Observed  by  DE-J 

.AGE  Mtg.,  Baltimore.  MD  (19-23  May  1986) 

Heixemaxx,  M. 

A  Simulation  of  ('onreclion  and  Radial 
Diffusion  in  the  Inner  Magnetosphere 
Internat.  School  for  Space  Simulations,  Kapaa, 

HI  (7-16  February  198.5) 

Lifetime  of  Spacecraft  Generated  Ion  Clouds 
AGE  .Mlg.,  San  F'ranciseo,  CA  (8-12  December 
1986) 


Hkixkmann,  M.,  ami  Bi  kkk,  VV.J. 

Sign  (it  II  res  of  Kinctir  Al/rcii  Hans  in 

E'U  rt nistatir  Shark  Ohsri  ratioii 

A(U'  Mljr..  San  F'raiuisi.ii.  C'A  (!l-18  Docemher 

I'.is:)! 


Hkinkmanx,  M  ,  and  Doxatki.i.i,  D. 

Th(‘  f^ldsftfd  Field  of  Spacccni/I 

MW  ilaliiMiore.  May 

Hi;ixkmaxx,  M.  and  Mt  rad.  E. 

The  Path  <tnd  Collis\oK<il  Hrlm nor  of  Shuttle 
FxlHii/sf  Duriufj  Orhit 

ShuUh’  Kiivirniiinent  ainl  Ofu-ratiuns  II  Conf.. 

TX  NoveniI)i*r 


Hi.ixKMAXX,  M..  Rrmx,  A.  (AFGL): 
Tai  tz,  M.,  and  (’uokk,  D.  (RADEX 
Corp.,  Carlisle,  MA) 

VOLAR  Cadr  Chnri/niij  Model:  Cani/iiilrr 
Models  of  the  S/i:irrrrafl  H’akr 
XATf)  ADAFiD  Conr.,  The  Hafruc.  XiAlu-rlands 
l2-T  .Imif 


Hkixkmaxx,  M.  (AFGL):  Joxckward, 
G.,  Katz,  I.  (S-Cubed,  Inc.,  La  Jolla. 
CA):  Rnux,  A,  (AFGL):  Taftz,  M. 
(RAIJEX  Corp.,  Carlisle,  MA):  and 
D(  Hs,  C.  (AFGL) 

Miu/iirtir  L'lfnis  on  S/nierrni/l  (’harf/ing 
.AI.A.A  .Ai'ros|)acf  Science.^  Mttr  ■  (iono.  XV  (fi 
•January  liis.'ii 

Hf:i.xkmax.x.  N.  (Emmanuel  Coll., 
Boston,  MA):  Gi  sskxhovkx,  M.S., 
Hardy,  l),.-\.,  Rkdj  s,  R.H.  (AP'GL): 
and  Yf:h,  H.  C  (Boston  Coil.,  Newton, 
MA) 

Aurorol  Ihtrfiele  Precipitation  Durinp  a 
H'jur  ('ha  n</e  front  Stroup  IMF  Hz  Soufhieard 
ft)  Sfro/ip  IMf'  Hz  Xorfhirard 
AGT  Hiaitinion’,  MD  May  lOSOi 

Hj:ixi;.\iaxx,  N.  (Edoston  Coll.,  Newton, 
MA):  Gi  ssi:xHDVKX,  M.S..  Rich,  F.J., 
Hardy,  D.A.  (AFGL,):  and  DK  i.a 


Bi:ai;,iardikrk,  0.  (SRI  International, 
Menlo  Park,  CA) 

Comparison  of  Paiiirle  Pivripitalion.  Ciirrmt 
and  Ionospheric  Conrerfiun  Patterns  Daring  a 
Small.  Isolated  Substorm 
.\GL'  San  Francisto,  C.\  ('.) -F.l  Dwfmbyr 

Joxsox,  E.,  Lt.  Coi,.,  and  Hard,  W.N. 

Space  System  Kneironmentnl  Entanglements  ■ 
S'on-Be nign  Spare  En ri ron mental  Interactions 
Fnvironmniital  InUTaction.';  Tncli.  .Seminar, 
Redondo  Keacli.  C.A  (1  .July  ll)S(l) 

Kahi.kk,  S.W.  (Emmanuel  Coll.,  Boston, 
MA);  Cj.JVKR,  E.W.  (AFGL);  and  Caxk, 
H.V.  (NASA/GSFC,  Greenbelt,  MD) 

The  Relationship  of  Shuck-Associated 
Kilometric  Radio  Emission  iiith  Metric  Type  II 
Bursts  and  Energetic  Particles 
X.XVl  COSP.AR  F^lenary  Mtf:..  Toulouse.  France 
(dl)  .June-l'i  -July  litSti) 

Kahi.kr,  S.W.  (Emmanuel  Coll.,  Boston, 
MA);  Ci.JVKR,  E.W.  (AFGL);  Caxk, 

H.V.,  McGfirk,  R.E.,  Stoxe,  R.G. 
(Goddard  Sjiace  Flight  Ctr.,  Greenbelt, 
MD);  and  Sheei-EY,  N.R.  (Naval 
Research  Lab.,  Washington,  DC) 

Solar  Eilument  Eruption  and  Energetic 
Particle  Erents 

.AGF  Mljr..  Baltimore.  .MD  l27-dl  .May  HIS.ti;  IDtJi 
Internal.  Cosmic  Ray  Conf.,  San  Diejto.  C,\  (11- 
23  .AuKust  19851 

Kaxe,  S.R.,  Love,  J.J.  (Univ.  of 
California,  Berkeley,  CA);  Neidig,  D.F., 
and  Cliver,  E.W.  (AFGL) 

Son-Thermal  Excitation  of  the  White  Light 
Source  in  the  J)  April  I.9S1  "  I-IoS  I'T  Solar 
L'tare 

.A.AS  .Solar  ("’hysic.s  Div.  Mtfj..  Tucson,  .AZ  (13-15 
May  19851 

Katz,  L,  M.axdei.l,  M.J.,  Joxgew.ard, 
G.A.,  Lidley,  J.R.  (S-Cubed,  Inc.,  La 
Jolla.  CA):  Hai.l,  W.N.,  and  Rcbix, 

A.G.  (AFGL) 

.Astronaut  Charging  in  the  Wake  of  a  Polar 
Orbiting  Shuttle 

Sliutlle  Environment  and  Operations  JI  ('onf., 
Houston.  TX  (13-15  Xoveniher  19S5) 
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Kkil,  S.L. 

EjXfcts  of  Mngtn’tic  Fields  on  the  Asynnne! rg  of 
Photosphenc  Line  Profiles 

AAS  Solar  Phys.  Div.  An.  Mtg..  Tucson,  .\Z  (l.'i- 
15  May  19h5) 

Keii.,  S.L.  (AFGL):  and  Koo.  B.-C. 

(Univ.  of  California.  Berkeley,  CA) 

Some  Effeets  of  Propagating  H'ncc  Paekets  on 
Solar  Speetral  Lines 

16Sth  Mt^.  of  .Am.  .Astron.  Snc..  .Amos,  l.A  (22-2() 
June  19SH) 


Keii„  S.L.,  and  Neidig,  D.F. 

Solar  Aetiriti/  Measn rement  Experiment 
(SAM  EX) 

24th  .Aerospace  Sciences  Mlfr..  Reno.  N'V  KiJ) 
January  19SH) 


Ke.vd.ali.,  D.J.W.,  Gattinger,  R.L. 
(NRC,  Ottawa,  Canada);  Llevveeeyn, 
E.J.  (Univ.  of  Saskatchewan,  Saskatoon, 
Canada):  Me.ntje,  S.B.  (Lockheed,  Palo 
Alto,  CA):  and  Denig,  W.F,  (AFGL) 

Orhiter  Glote  Obsvreatians  During  Mission  STS 
il-G 

.AGL'  .Mtjr..  San  Francisco.  ('.A  (9-lJ  December 
19S.5I 

Kk.ndall,  D.J.W.  (NRC,  Ottawa, 
Canada);  Lleweelyn,  E.  (Univ.  of 
Saskatchewan,  Saskatoon,  Canada); 
G.attinger,  R.  (NRC,  Ottawa,  Canada); 
Mende,  S.  (Lockheed,  Palo  Alto,  CA); 
Cogger,  L,  (Univ.  of  Calgary,  Alberta, 
Canada);  and  Denig,  W.F.  (AFGL) 

Shuttle  Glote  and  Spectrographic  Observations 
from  Mission  STS  4I-G 

GAP  Gorifr.,  Edmonton.  Canada  (2.'i-2.5  June  1986) 


Kirkpatrick,  M.E.,  Stevens,  N.J., 
Underwood,  C.S.,  Howard,  J.E. 

(TRW,  Redondo  Beach,  CA);  and  Hall, 
W.N.  (AFGL) 

Large  Spare  Systems-Xatn ral  Environment 
Interactions  in  Polar  Orbit 
AIAA  24th  Aerospace  Sciences  Conf.,  Reno,  NV 
(6-8  January  1986) 


Kneght,  D.J. 

Width  and  Location  of  Eteld-Aligned  Current 
Couples  Producing  the  Bay  and  Pulsations  at 
Snbstorin  Onset 

■AGU  Mtjr,,  San  Francisco,  C.A  (9-1.1  Decemlter 
1985) 


Lai,  S.T.,  and  Mgrad,  E. 

Quenching  of  Critical  Ionization  in  the 

I'icinity  of  Space  Shuttle 

•AGl’  Mlp..  Baltimore.  MD  (19-22  May  198til 


Lal  S.T.,  Cohen,  H.A.  (AFGL);  and 
.4Gt:soN,  T.L.  (Goddard  Space  Flight 
Ctr.,  Green-belt,  MD) 

Modulation  of  Booni  Satellite  Potential 
Difference  During  Ion  Beam  Ejections  in 
Sunlight 

.AGL'  .Mtg..  Baltimore.  MD  (27-.JI  .May  1985) 


Lai,  S.T.,  Cohen,  H.A.  (AFGL);  and 
McNeil,  W.J.  (RADEX  Corp.,  Carlisle, 
MA) 

Spacecraft  Sheath  Modification  During  Beam 
Ejections 

Internat.  School  for  Space  Simulations.  Honolulu, 
HI  (2-16  February  1985) 


Lai,  S.T.,  Denig,  W.F.,  and  Murad,  E. 

The  Role  of  the  Critical  Ionization  Velocity 
Mechanism  on  Plasma  Processes  in  the  Space 
Shuttle  Environment 

.AGU  .Mtg.,  San  Franci.sco.  CA  (1-12  December 
1986) 


Lai,  S.T.,  Rothwell,  P.,  Heinemann, 
M.,  and  Murad,  E. 

Critical  Ionization  and  Polarization  Drift  of  a 
Dense  Neutral  Beam  in  the  Ionosphere 
AGl  Mtg.,  San  Francisco.  CA  (5-10  December 
198.5) 


Lebla.n'C,  Y.  (Observatoire  de  Paris, 
France):  and  Smart,  D.F.  (AFGL) 

Interplanetary  Shockwaves  Obsen'ed  by  the 
Voyager  Radio  Astronomy  Experiment  During 
April  1.97S 

STIP  Symp.  on  Restrospective  Analyses  and 
Future  Coordinated  Intervals,  I.«s  DiablereUs, 
Switzerland  (10-12  June  1985) 
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Lkblanc,  Y.  (Observatoire  de  Paris, 
France):  Smart,  D.F.,  and  Shka,  M.A. 
{AFGU 

Kilotudric  Type  ll  Rndintion  from 
Interplanetary  Slioeks:  Interpretation  of 
Voyager  Results 

XXVI  COBI’AR  Plenary  Mtf;.,  Toulouse,  France 
CiO  June-12  July  lilSti) 

Lf.ster,  M.  (Univ.  of  York,  UK);  and 
Singer,  H.J.  (AFGL) 

Ri  3  Pulsations  and  the  Snbstonn  Current 
Wedge  -  Polarization  Charaeteristies  at  Low 
Latitudes  (L^.l) 

I.AGA  .')th  Scientific  .-VKsbly.,  E'rajtue, 
Czecho.slovakia  (.j-lT  August  198.')) 


Ui  DLOvv,  G.R.,  Gelpi,  C.,  Hughes, 

W.J.  (Boston  Univ.,  Boston,  MA);  and 
Singer,  H.J.  (AFGL) 

Ground-based  Obserration.s  of  a  Long  Duration 
Pe  I  Event 

.•\GU  .MIk-.  San  Francisco.  C.A  (8-12  December 
198b) 


Lynch,  K.A,,  Gussenhoven,  M.S  , 

Fiez,  R.,  Fougeke,  P.  (AFGL);  and 
Baker,  D.N.  (Los  Alamos  Natl.  Lab., 
Los  Alamos,  NM) 

Power  Spcetral  Density  Analysis  of  Relatirislie 
Outer  Zone  Electrons  at  L  =  I-i 
.-tGU  .VItg.,  San  Francisco.  C.A  (9-18  December 
198.51 


Lynch,  K.A.,  Gussenh(jven,  M.S., 

Filz,  R.,  Mullen,  E.G.  (AFGL);  Rieco, 
S.  (AFWL,  Kirtland  AFB,  NM);  and 
Ha.nser,  F.A.  (Panametrics,  Inc., 
Waltham,  MA) 

Comparison  of  the  Measured  Dose  and  the 
AFWL  Satellite  Vulnerability  Code  Calculated 
Dose  for  the  DMSP/F7  ./'  Dosimeter 
.AGU  .Vltg.,  Baltimore,  Ml)  (19-28  May  198(1) 


Marmolino,  C. 

The  Effects  of  Acoustic  Wares  on  the  Curve  of 
Growth 

lt)8th  Mtg.  of  .Am.  Astron,  Soc.,  Ames.  I.A  (22-2(1 
•June  198(1) 


Maynard,  N.C.  (AFGL);  Aggson,  T.L. 
(Goddard  Space  Flight  Ctr.,  Greenbelt, 
MD);  Liebrecht,  C.  (Science 
Applications  Research,  Lanham,  MD); 
Mayr,  H.G.,  and  Herrero,  F.A. 
(Goddard  Space  Flight  Ctr.,  Greenbelt, 
MD) 

Observations  of  Low  Latitude  Meridional 

Electric  Fields  from  DE-J 

.AGU  -Vltg.,  Baltimore.  .Ml)  (19-2.1  .May  198(1) 

Maynard,  N.C.,  Babcock,  R.R., 
Guidice,  D.A.,  Pike,  C.P.  (AFGL);  and 
Garrett,  H.B.  (JPL,  Pasadena.  CA) 

.4  Program  for  Measuring  Large-Body  Siiaee- 
Plasma  Interactions  in  the  Auroral  and  Polar 
Cap  Environments 

Shuttle  Environment  anil  O|)erations  II  Conf.. 
Houston.  TX  (18-15  November  1985) 

Mende,  S.B.,  Swenson,  G.R.  (Lockheed 
Research  Lab.,  Palo  Alto,  CA): 
Kendall,  D.J.W..  (NRC,  Ontario, 
Canada);  Llewellyn,  E.J.  (Univ.  of 
Saskatchewan,  Saskatoon,  Canada):  and 
Denig,  W.F.  (AFGL) 

Image  Intensified  Spectrograph  Observations  on 
the  STS  il-G  Mission 

AGU  .Mtg.,  Baltimore.  .MI)  (27-81  .May  1985) 

Mullen,  E.G. 

.4  Space  Radiation  Effects  Program 
(SPACER  AD) 

8r(l  .An.  Symp.  on  Single  Event  Effects.  Los 
Angeles,  C.A  (.5-(i  .March  1985):  Uh  .An.  Sym|i.  on 
Single  Event  Effects.  Los  .Angeles.  C.A  (8-9  .Ajiril 
198(1) 


Mullen,  E.G.,  and  Gussenhoven,  M.S. 

spin  Variations  in  Spacecraft  Charging 
.AGU  Mtg.,  San  Francisco.  C.A  (9-18  December 
1985) 

DMSP  Dosimeter  Data  for  the  IdSh  February 
Storm 

.AGU  Mtg.,  San  Francisco.  C.A  (8-12  December 
198(1) 


Mn.i.KN,  E.G.,  Gi'ssknhovkn,  M.S., 
Lync  h,  K.A.,  and  BKAi  TiCAM,  D. 

Xuclcar  St(ir  fjrrnts  in  Slab  Detectors:  An  In- 
Situ  Measuretnent  of  Sh'C  Phenomena 
Inlernut.  FtMieration  of  Automatic  Control 
Wkshp..  F\iris.  France  (I.VIT  December 

Mi  kau,  E. 

(itoie  ')t  Spncecrtift  m  Loic  Earth  (h'bit 

Sixth  An.  MIT  Symp,  un  Fhys.  of  Space  Plasma. 

CamhriilKf.  MA  I  Hi  January  litMli 

The  Rol(  at  Atonnr  and  Moleenhir  Prneesses  in 

the  ('ritieal  I(>ni::a!ion  W'locitp  Theory 

Intcrnat-  Synif)  f'<  r  Sir  David  Hates,  f^elfast,  No. 

Ireland  iIT-lS  No'ember  lUSti) 

Ml  KAli,  fl,  aiici  L.  I,  S.T. 
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loth  hUtTna’.  Mass  Sin'fnin  Ay  ('iitif., 
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Mruvi.,  E.,  Lai,  S.T.,  and  Stair,  A.T., 
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Cntii'iil  li>iii;iilio>i  Vi'liirilii  and  Its 
[m/dicaliiiiis  Jdr  Sfmcc  I’litmc  Modr/liiifi  ■  .-I 
I'ruiHisvd  Trst  in  Sfxicc 

24lti  .XtTdspacf  Sfa'iicfs  Rotio,  N'\' 
(Ci-l)  .January  lOMi) 

Nkidu;,  D.F. 

AFCiL  I'lniini'd  Efforts  in  Soliir  Monitoring 
from  Sjiiirr 

Aolur  Hi>:h'R('.si)lijtji)n  .Xstrophy.sic.s  I’.sing  the 
Rlnhdlf  Ot'culUT  Kacilitv  Wkshp,  Marshall  Space 
FliKht  C'lr,.  AL  (S-Ki  May  IRS,'.) 

Nkiiiii;,  D,F.;  Rank,  S.R.;  Lovk,  J.J,; 
Cl.IVKR,  E.W, 

Son  Thrrnuil  Excitotum  of  the  White  Light 
Source  in  the  dk  April  H-iih  CT)  Solar  Flare 
Am.  ,\stn)ii.  Sric.  Solar  I’hys.  Ihv.  Tuc.son, 

AZ  ll:M,‘)  May 

Novkmrkr,  L,J,  (AFGL):  and  Di  nn, 
R,B,  (Naticjnal  Solar  Obs,,  Sunspot, 

NM) 

Atmospherii  Distortion  and  Blurring 
,\,\S  Solar  Rhys.  lliv.  Ml);.,  Tucson,  .AZ  113-1.5 
■Vlay  IRS.'ii 

Novkmhkr,  L.J.  (Natl.  Solar  Obs.,  Sac 
Peak,  NM);  SiMOS,  G.W.  (AFGL); 


Tarbei.i,,  T.,  and  Tithe,  A.  (Lockheed 
Research  Lab.,  Palo  Alto,  CA) 

Precise  Proper  Motion  Measurement  of  Solar 
Granulation 

ItiSth  Mtn.  of  Am.  Astron.  Soc..  Ames,  lA  (22-26 
June  19S6) 

Pike,  C.P. 

Space  Systems  and  Their  Interactions  with  the 
Spa-'  Enii/uiiincnt 

Naval  Postgraduate  School  (24  .April  1986) 

Pike,  C.P.  (AFGL);  Phrvts,  C.K. 

(NASA  Lewis  Res.  Ctr.,  Cleveland, 

OH);  K.atz,  I.  (S-Cubed,  La  Jolla,  CA): 
and  Ri  BIN,  A.G.  (AFGL) 

Spaeeeraft  Charging  Computer  Modeling 
Military  Operations  Res.  Soc,  Mt);.,  Colorado 
Sprinfjs,  CO  (2o-27  June  198.5) 

Radick,  R.R. 

The  Solar-Stellar  Connection  at  Low  Spectral 
Resolution 

Proceedinjcs  of  the  NSO  Workshop  on  Solar- 
Stellar  Initiatives.  Tucson.  AZ  (3-5  September 
1986) 


Raoick,  R.R.  (AFGL);  Duncan,  D.K. 
(Las  Campanas  Obs.,  Pasadena,  CA); 
LocKWOOf),  W.G.  (Lowell  Obs., 
Flagstaff,  AZ) 

The  Surface  Morphology  of  Solar-Type  Hyades 
Stars 

16.5th  -Am.  Astron.  Soc.  Mlg.,  Tucson,  AZ  (13-16 
January  1985) 

Redus,  R.H.,  Gussenhoven,  M.S. 
(AFGL);  and  Bass,  J.N.  (RADEX,  Inc., 
Carlisle,  MA) 

Adiabatic  Variations  in  Ring  Current 
Populations  Observed  by  the  SCATHA  Satellite 
Between  -5.5  and  8.-5  RE 

European  Geophys.  Soc.  XI  Gen.  Assbly.,  Kiel, 
ERG  (21-30  August  1986) 


Redus,  R.H.,  Gussenhoven,  M.S., 
Rich,  F.J.,  and  Hardy,  D.A. 

A  Polar  Arc  Interval  During  the  February 
1986  Magnetic  Storm 

AGU  Mtg..  San  Francisco,  CA  (8-12  December 
1986) 
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Rkdis,  R.H.,  Gussenhovkn,  M.S. 
(AFGL);  Ykh,  H.-C.  (Boston  Coll., 
Newton,  MA);  and  HKi.NE.M.'tNN,  N. 
(Emmanuel  Coll.,  Boston,  MA) 

Thermal  ProperticK  of  Iona  During  an  InU'Uxe 
Polar  Cap  Arc  Krcnt  on  lo  January  I.9SJ 
.ter  MtR..  Baltimore.  MD  (19-2a  May  1!)S6) 

Rk'H,  F.J.,  and  Den’k:,  W.F. 

Is  the  Mantle  the  Source  of  the  Dayside  Region 
0  Field  Alirr  C,...cnt  Slo:'.' 

\(',r  Mlt;..  Baltimore,  MD  (27-;U  May  19S.')) 

Rich,  F..J.,  and  GrssK.NHoVKN,  M,S, 

H'hat  is  a  Quiet  Ionosphere!  ..4  Search  for 
Region  I  Region  Field-Aligned  ('ur rents 
During  Quiet  Times 

.\Cl'  Mtjr..  San  Fram'isco.  C.A  (8-12  [tecemlier 
lltsdi 


Rich,  F.J,,  Gcssk.vhove.n,  M.S,,  and 
Hardy,  D.A, 

Obserrations  by  the  DMSP  Satellites  of  the 
Fnergy  Flair  into  the  High  Latitude  Ionosphere 
Internat.  Symp.  on  [.arije-Scale  F*roce,sses  in  the 
lonosphere-Mattneto.sphere  System.  Boulder,  ('0 
(2-5  December  I!)8(>) 


Rothwell,  P.L. 

.-1  Model  Relating  Polar  Cap  Arcs  and  the 
Interplanetary  Magnetic  Field 
Chapman  Conf,  on  Solar  Wind-Masnetosphere 
Coupling:.  Pasadena,  ('A  (12-1.5  February  198.5) 
Polar  Cap  .-1/r.s'  and  the  Interplanetary 
Magnetic  Field 

.A(jF  Solar  Wind  Mtg.,  Pa.sa<lena.  CA  (12-15 
February  19851 

An  Empirical  Relationship  BetieC' n  h'l,  and  the 

Tail  Lobe  Magnetic  Field 

.-\GL’  .Mtt;  .  San  Francisco.  C.-t  (2-8  December 

19851 

Rothwfll,  P.L.  (AFGL);  and 
Sll.FViTCH,  M.B.  (Northeastern  Univ., 
Boston,  MA) 

Xonlinear  Particle  Precipitation  Krents  - 
Simulation 

AtiF  Mtf;.,  San  Francisco.  CA  (8-12  December 
198(11 

Rdthwki.l,  P.L.  (AFGL);  Bi.ock,  L.P. 
(Royal  Inst,  of  Tech.,  Stockholm, 


Sweden);  and  Silevitch,  M.B. 
(Northeastern  Univ.,  Boston,  MA) 

Models  for  the  Formation  of  the  Substorm 
Current  Wedge 

.-Mil'  Mttt.,  San  Francisco,  CA  (.5-10  December 
19851 


Rothwei.e,  P.L.  (AFGL);  Silevitch, 
M.B.  (Northeastern  Univ.,  Boston,  MA); 
and  Block,  L.P.  (Inst,  of  Tech., 

SLockliulm,  Sweden) 

.4  Simple  Model  for  the  Substorm  Current 
Wedge 

COSP.AR  .Mttt-.  Toulouse,  France  (30  June-12  July 
19861 

.4  Model  for  the  Dynamics  of  the  Westward 
Traveling  Surge 

VVkshp.  on  Mapinetospheric/ Ionospheric  Plasma 
.Models.  Huntsville,  AL  (13-16  October  1986) 

Rlbin',  a.  (.AFGL);  Tautz,  M.,  and 
Cooke,  D.  (RADEX  Corp.,  Carlisle, 

MA) 

Mesothermal  Flow  Codes 

.AGU  .Mtp:.,  Baltimore,  MD  (19-22  May  1986) 

Charging  in  an  Auroral  Encironment 

.■\GL'  Mtp'..  San  Francisco,  C.A  (8-12  December 

1986) 


Ri'BL\,  A.G.,  Heinemaxn,  M.  (AFGL); 
Tal'TZ,  M.,  and  CooKE,  D.  (RADEX 
Corp.  Carlisle,  MA) 

Computer  Models  of  the  Spacecraft  Walk 
Conference  on  Space  Plasma  Issues  in  2001,  JPL, 
Pasadena,  CA  (1986) 


Sagalyn,  R. 

Space  Background.  Physics  and  Implications 
for  Future  Systems 

SPIE  Mtg,,  .Arlington,  V.A  (8-12  .April  1985) 
DoD  Support  of  the  Space  Sciences 
.AGl  Mtf;.,  Baltimore.  MD  (27-31  May  1985) 

SCHUMAKER,  T.L.  (Boston  Coll., 
Newton,  MA);  Gu.ssenhoven,  M.S., 
Hardy,  D.A.  (AFGL);  and 
C.AROVILLANO,  R.L.  (Boston  Coll., 
Newton,  MA) 

study  of  EC H  Ware  Effects  on  Low  Energy 

Plasma  Sheet  Electrons 

AGU  MtK-.  Baltimore,  MD  (19-23  May  1986) 
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Shea,  M.A.  (AFGL);  and  Dryer,  M. 
(NOAA,  Boulder,  CO) 

Overriew  of  STIP  Interrals  /-AVI’ 

STIP  Symp.  on  Retrospective  Analyses  and 
Future  Coordinated  Intervals.  Les  Diablerets, 
Switzerland  (10-12  June  198.5) 


Shea,  M.A.,  and  Smart,  D.F. 

Energetic  Particle  Radiation  Eneironment  in 
Space 

Jrd  An.  Symp.  on  Single  Event  Effects,  Los 
Anpfeles.  C.-\  (.5-6  March  198.5) 

Scienfi/ie  Reriilt.':  Obtained  During  STIP 
Interralf!  I  and  II 

STIP  Symp.  on  Retrospective  .Analyses  and 
Future  Coordinated  Intervals.  Les  Diablerets, 
Switzerland  (10-12  June  1985) 

.-In  Ansessnient  of  the  Energetic  Particle 
Eneironment 

4th  .An.  .Symp.  on  Single  Event  Effects,  Los 
.Angeles,  C.A  (8-9  .April  1980) 


Shea,  M.A.,  Smart,  D.F.  (AFGL);  and 
Gentile,  L.C.  (Emmanuel  Coll.,  Boston, 
MA) 

Estimating  Cosmic  Rag  Vertical  Cutoff 
Rigidities  as  a  Function  of  the  Mcltuain  L- 
Parameter  for  Different  Epochs  of  the 
Geomagnetic  Field 

Fifth  Scientific  .Assbly.  of  the  Internat.  .Assoc,  of 
Geomagnetism  and  .Aeronomy  (.5-17  August  1985) 


Shea,  M.A.,  Smart,  D.F.  (AFGL); 
Swtn.son,  D.B.  (The  Univ.  of  New 
Mexico,  Albuquerque,  NM);  and 
Hcmrle,  J.E.  (Univ.  of  Tasmania, 
Hobart,  Tasmania,  Australia) 

Xorth/South  Asymmetry  in  Solar  Activity  as 
Determined  by  the  Comprehensive  Flare  Index 
19th  ESLAB  Symp,  of  the  Sun  and  the 
Heliosphere  in  Three-Dimensions.  Les  Diablerets, 
Switzerland  (4-6  June  1985) 


Shine,  R.A.  (Lockheed  Research  Lab., 
Palo  Alto,  CA):  and  Simon,  G.W. 
(AFGL) 

White  Light  Observations  of  a  Sunspot 

Penumbra  and  Its  Interaction  with  the 

Surrounding  Photosphere 

168th  Am.  Astron.  Sac.  .Mtg.,  Ames,  lA  (June 

1986) 


Shuman,  B.M.,  Cohen,  H.A.  (AFGL); 
Hyman,  J.,  Robson,  R.R.,  and 
Williamson,  W.S.  (Hughes  Research 
Lab.,  Malibu,  CA) 

.4  Charge  Control  System  for  Spacecraft 
Protection 

Internat.  Aerospace  and  Ground  Conf.  on 
Lightning  and  Static  Electricitv,  Paris,  France 
(10-12  June  1985) 

Shuman,  B.M.,  Cohen,  H.A.  (AFGL); 
Hy.man,  J.,  Robson,  R.R.,  Santoru,  J., 
and  Williamson,  W.S.  (Hughes 
Research  Lab.,  Malibu,  CA) 

Automatic  Charge  Control  System  for  Geo¬ 
synchronous  Satellites 

•AG.ARD  Symp.  on  Aerospace  Environment  at 
High  Altitudes  and  Its  Implications  for 
Spacecraft  Charging  and  Communications.  The 
Hague,  Netherlands  (2-6  June  1986) 

SiLEVlTCH,  M.B.  (Northeastern  Univ,, 
Boston,  MA);  and  Rothwell,  P.L. 
(AFGL) 

Nonlinear  Particle  Precipitation  Events-Theory 
AGU  Mtg.,  San  Francisco,  CA  (8-12  December 
1986) 

SiLEViTCH,  M.B.  (Northeastern  Univ., 
Boston,  MA);  Rothwell,  P.L.  (AFGL); 
and  Block,  L.P.  (Royal  Inst,  of  Tech., 
Stockholm,  Sweden) 

On  the  Structure  of  Pi  J  Wave  Fonns  During 
Substorms 

COSPAR  Mtg..  Toulou.se,  France  (80  June-12  July 
1986) 


Sime,  D.G.,  Fisher,  R.R,  (High 
Altitude  Obs.,  Boulder,  CO);  and 
Altrock,  R.C.  (AFGL) 

Results  from  the  Coronal  Photometry  Progam 
at  NSO,  II:  Rotation  of  the  Green  Coruna  over 
the  Solar  Cycle 
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Akasoff,  S.  I.,  and  Lkk.  L.-C.  (I’niv.  of 
Alaska,  Fairbanks,  AK) 

.-1  Stuthf  it!  thr  Rrhitiiinship  Hvttfft'n  Solar 
Acrinti/  o'ni  I n i,  ri)la iitia ri/  Field  I'nriatiuris 
AF(;I,-TI;-si;-i)(i:!J  (Folii-uary  RWli,  AHAlCItilS,'! 

AsHOI  K  ,\fil>Al.I.A,  M,,  CdLK.MA.N',  P,J„ 
Dauso.v,  J,M,,  Gfkki.ma.v,  W., 

KkNNKI.,  C,F,,  DKHOFt  f,  J.N,,  Oki  da, 
H,,  Stfnzfl,  R,,  and  Walker,  R,J. 
(Univ,  of  California,  Los  Angeles,  CA) 

Acei'lenitioa  Froeexses  in  the  Earth's 
Mnqnetosphere 

AF(;L-TR-s.')-(IM:{  1 17  May  19S.7I,  ADAlTOadti 

Barfield,  J,N',  (Southwest  Research 
Inst,,  San  Antonio,  TX) 

Maqaetdspherie  Plasma  Studies  Vsinq  Data 
from  the  Di/namics  Explorer  High  and  Lute 
APitade  Plasma  Instruments 
AFOI,  TK-stl.0li:-!4  (February  ISSfi),  ADAKiSIOll) 

Bridok,  H.S,,  and  Binsack,  J,H, 
(Massachusetts  Inst,  of  Tech,, 
Cambridge,  MA) 

Definition  Study  of  a  Coordinated  Group  of 
Experiments  to  Measure  and  Monitor  the  In 
Situ  Plasma  and  Electromagnetic  Enrironment 
of  a  Polar  Orbiting  Spare  Shuttle 
AFGI>-TK-S.-,-02:w  (September  19S,7|,  ADA1H4.761 

Caledonia,  G.E,,  Person,  J,C. 

(Physical  Sciences,  Inc,,  Andover,  MA); 
and  HASTLNtis,  D,  (Massachusetts  Inst, 
of  Tech,,  Cambridge,  MA) 

Ionization  Phenomena  about  the  Space  Shuttle 
AF(;rrTR-S(;-ii()4,7  (.ranuary  19S(i),  ADA170.742 


Carini,  P.,  Kalman,  G.,  and  Pdlsifer, 
P.  (Boston  Coll.,  Newton,  MA) 

Xeutral  Beam  Propagation  Effects  in  the 
[  pper  Atmosphere 

AF'GL-TR-8,>0038  (1  October  1984),  ADA174896 

Carovillano,  R.L.  (Boston  Coll,, 
Newton,  MA) 

Large  Spacecraft  hi  the  Magnetospherie 
Enrironment 

AFGL-TR-8H-()1:{4  (2t;  .)une  198fi),  ADA17.7490 

Cooke,  D.L.,  and  Katz,  I,  (S-Cubed,  La 
Jolla.  CA) 

Ionization  Induced  Instability  in  an  Electron 
Collecting  Sheath 

AFGI,-TR-8r>-02,-)6  (June  198.7),  ADAl(ir,:«() 

Davis,  J,M,,  and  Webb,  D,F.  (American 
Science  and  Engineering,  Inc,, 
Cambridge,  MA) 

.•1  Study  of  the  Cyclical  Variations  of  Coronal 
Holes  and  Their  Relation  to  Open  Magnetic 
Fields 

.AFGGTR-8,>000;i  (December  1984),  ,AI).A  1.5, 5251 

Deininger,  W.D.,  Aston,  G.,  and 
PLE.S.S,  L.C.  (Jet  Propulsion  Lab., 
Pasadena,  CA) 

M  Xeutral  Plasma  Source  for  Active  Spacecraft 
Charge  Control 

AF'GGTR-8.5-0313  (August  1985),  ADAlf,5223 

Devane,  J.FU,  S.J.  (Boston  Coll., 

Newton,  MA) 

Investigation  of  Magnetic  Field  Measurements 
AFGGTR-8.>0().54  (15  March  1985),  ADA1.57924 

Dryer,  M,  (NOAA/ERL,  Boulder,  CO) 

Magnetohydrodynamic  Modelling  of  Solar 
Disturbances  in  the  Interplanetary  Medium 
AFGGTR-86-01G1  (December  1985),  ADA172176 

Dryer,  M.,  Smith,  Z,K.,  Detman,  T,R,, 
and  Yeh,  T.  (NOAA/ERL,  Boulder, 

CO) 

MHD  Simulation  of  the  Interplanetary 
Environment  in  the  Ecliptic  Plane  During  the 
■in  February  1986’  Solar  and  Geomagnetic 
Activity 

A FGGTR-8G-0 1 89  (September  1986),  ADA173822 


Dvhh,  G.  (Kimball  Physics,  Inc., 

Wilton,  XH) 

h'Icrtf'oN  (tun  ftn'  Spave  Flujlit 
AF(;L-TK-Sti-0217  m  AuKusl  AI»A  171»-iS7 

Elc.in  J.B.,  and  Si  xi-HKiti;,  R.L. 
(Spectral  Sciences,  Inc.,  Burlington, 

MA) 

lJi’r(  /()/)nn  Kf  o/‘ f/  Muntc  (\trlo  Sh/^fflc 
( 't)ntn  fni  fHifiitu  Mmivl 
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Grkknsi' AN,  .M.K.,  Anukrson,  P.B., 
and  Piii  .ti;  \  rri,  ,I.M.  (Regis  Col!., 
Weston.  MA) 

('h\]  nirii  fistivH  of'  fhv  I'hrrooi/  I^ldstffo 
(SSIFSi  tor  fhv  Dvfvusv  Mvft  itrolofiival  Satvllitv 
Profjroof  (DMSP)  SfKtvvvra/t  Nx  Throufjh  SIO 
AK(:i.-TFl-''(:-n-i27  Cio  OctolKT  ADA  17(;im 

Hii.i,,  G.C.  (California  Inst,  of  Tech,, 
Pasadena,  CA) 

l»h  rnrtiDiis  Mcttaii n  uiciil  I’m/load  for  Sliutllc 
IIMi’S)  Drfiiiitioit  Phase  Study  ■  Fiuiil  Re/jorl 
.\Fr,l,-TU-sr).0()'iH  lit)  I N'Cfni))i'r 
.\l'Alti.’.222 

Hii.ls,  R.S.  (TRI-COX  A.ssoc.,  Inc., 
Cambridge,  M.4) 

Pefii rbisliuieut  of  uu  llfnv  iok’t  tiud  Kleelrouie 
S/iect routeter  and  Pholouicler 
AFiU.-TFt-S.A-OlO.')  (2!»  April  lim.A).  ADA IWKfli.'i 
Pesiyu  Sounding  Rochet  Payload  System  to 
Study  Vehicle  Charging  Phenomeua 
AF(;i,-TK-S.-)-Oi:il  (29  .May  19S.A).  ADAl(i2U9 
Design.  Fabricate  ami  Test  Spacecraft 
.Autainalic  .Actire  Discharge  Systems  tS.A.ADS) 
.\Ff;i,-TR-S.")-(l2:>(i  (2'i  St'ptfiiilx'r  19S.A). 

ADAUKlAr)!) 

Hi  rford,  Cl.,).  (California  Inst,  of 
Tech.,  Pasadena,  CA) 

.A/jplieatiou  of  .Mi era ira re  Speriroscopy  to  the 
St  inly  of  Coronal  Field  Changes  .Associated 
leith  a  Disa /ipeii ri ug  .Sunspot 
AF(iI,-TR-s.')-()(l92  (March  19Sr,).  AI)Al(i2191 


.Jackson,  B.V.,  and  Rickktt,  B.J. 

(Univ.  of  California,  La  .Jolla,  CA) 

I'se  of  Interplanetary  Seiiitillation  for  Earth 
Space  Euriroumeut  and  (leomaguetic 
Forecasting 

AF(;L-TR-S.')-(U24  (April  19S.")I.  AL)Al(ll(:21 

Kahfkr,  S.,  Rfamks,  D.Vh,  Shfelev, 
X.R.,  ,Jr.,  Howard,  R..4.,  Koomen, 

M.,J.,  and  Michels,  D..J.  (Emmanuel 
Coll.,  Boston,  MA) 

.4  Comparison  of  Sola r  Helium-Rich  Ereuts 
with  Ty/ie  II  Hursts  and  Coronal  Mass 
Ejections 

AF(:L-TR-S,',.(I2(C.  (1  .July  19S5I.  ADAKil.Ah.') 

Karren,  J.T.  (Xaval  Research  Lab., 
Washington,  DC) 

.4  Search  for  Prectn-sor  Actirity  .Associated 
with  Coronal  .Mass  Ejections,  ['sing  White-Light 
Coronagraph  Observations  Obtained  with  the 
SOl.WISD  Distrument  on  Board  the  .Air  Force 
Pi'S-1  Satellite 

.AFGL-TR-Sli-OO.Ali  nil  Decemlier  198.')), 

ADA17l)i:J9 


Laframboise,  J.G.  (York  Univ., 

Downsview,  Ontario,  Canada) 

Predicting  High-VoHage  Charging  tf  Space- 
crat't  in  Low  Polar  Orbit 
AF(;ETR-sr).()2(i:j  CiO  March  19851,  ADAllihlilT 
Progress  Toward  Predicting  High-Voltage 
Charging  of  Spacer rat't  in  Low  Polar  Orbit 
AF(;iVTR-8(i-02(U  (28  Octoher  1981!).  ADA  lT(i9:J9 

Lillev,  J.R.,  Jr.,  Katz,  I.,  and  Coc.'KE, 
D.L,  (S-Cub^d,^La  Jolla,  CA) 

The  Roles  of  (’■  B  and  Density  Oradients  in 
Plasma  Electric  Fields  Measured  from  the 
Shuttle  Orbiter 

AFGI.-TR-8.5-(l2.57  (.June  198.5i.  ADAU;52:il! 

Lii.i.ey,  J.R.,  Jr.,  Cooke,  D.L., 
JoNOEVVARD,  G.A.,  and  Katz,  I.  (S- 
Cubed,  La  Jolla,  CA) 

Polar  I'ser's  .Manual 

.■\F(;irTR-85-(l24()  (Octoher  1985i.  AD.A  1747.58 


7^) 


Morkl.  P.R..  Haxskk.  F.A.,  and 
Ski.i.khs,  B.  (Panametrics,  Inc., 
Waltham,  MA) 

Fabm  ati.  Cdlibralc  (ind  Test  a  Dosimeter  fue 
Diteqration  into  the  CkfiE'S  Satellite 
.\K(;i,-TR-S.V(ll.')i:  (III  (March  Al).A.lhUii>o 

Fabneate.  ('alib-ate  and  Tes>  a  Dosieifter  for 
Intef/ration  into  the  ('Kh'FS  .Satellite 
.\F(;i,-TK-S(i-0(lll!  dill  1 1  lecciiihcr  lilx”)!, 
Al)A!t;s.‘)(;t; 

XidHTiNOAi.K.  R.W.,  Chit.  Y.T., 
Davidson,  G.T.,  Francis.  W.E., 
RiN.vi.Di,  M.A.,  Robinson,  R.M.,  and 
VoNDRAK,  R.R.  (Lockheed  Palo  Alto 

Research  Lab..  Palo  Alto,  CA) 

A  S()//rc(  Rndifitiofi  Tcsf  ModrI  Study 
AK(;i.TR-sr>-00(14  (M  Marcli  AriAUi9412 

Xisknso.n,  P,,  Stachnik,  R.V.,  and 
NoVKs,  R.W.  (Smithsonian  Inst. 
Astroiihysics  Ohs..  Camhridfje,  MA) 

Derelopment  ot  a  CCD  Based  .Solar  .Speekle 
Imaf/inp  .Si/stem 

.AF(iL-Tf{..>,(;iiii44  111  Cl  Fchruarv  lilsCi, 
ADA1:4:I1!I 

Raitp,  W.J.  (Ftaii  St.  Univ.,  Logan, 
IT) 

Mod(  fhr  F  Rtgtun  of'  ^  utitudr 

lounsphcrr 

AK(l[j'TK-^rfii2^<’'  (7  Niivomlior  At>A 

17s:{.s;i 

Robson,  R.R.,  and  Wii.i.iamson,  W'.S. 
(Hughes  Research  Lab.,  Malibu,  CA) 

Flight  Model  Diseharge  .Sgstem 
AF(;DTK-S,-,-(l04t  (II  (’March  llisai.  ADAl(ill4:l4 

Robson.  FLR..  Wii.i.iamson,  W.S.,  and 
Hv.m.a.n,  J.  (Hughes  Research  Lab., 
Malibu,  CA) 

Bositire  Ion  Fjertinn  .Sgstem  (FlEdS) 

.■\F(II,-TR-S.‘i-(|'4.M  (.Scjiicrnhcr  19S.'>|,  .AD.MIiliaCO 

Robson,  R.R.,  Wii.i.iamson,  W.S.,  and 
Santori  ,  ■].  (Hughes  Research  Lab., 
Malibu.  CA) 
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AKfilj-TR  (II)  I Ft'Iiruarv  !!*><()). 
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Samson,  J.C.  (Univ.  of  Alberta, 
Edmonton,  Alberta,  Canada) 

Derelopment  of  Computer  Programs  amt 
Related  Soft  ware  for  the  Deleetioii  ami 
.Aiiaigsi.s  of  Pi  d  or  PI  J  Pulsations  Recorded 
at  Ground  Based  Stations 
AFGL-TR-S.VI)14ll  (2  .luly  li)S.')l.  ADAl(i.a224 

ShA'AN,  J.A.  (Physical  Dynamics,  Inc., 
Bellevue,  WA) 

Derelopment  of  Teehniques  for  the  L'se  of 
DM.SP  SSIF  Data 

AFGL-^R-S.AOIO?  (2(1  April  198.')).  ADA  17(i412 

Stkinolfson.  R.S.  (Univ.  of  California. 
Irvine,  CA) 

Dynamie  Formation  of  Stressed  Corona! 
Magnetie  Fields 

.\F(ll,-TR-8()-()()(>2  (FVhruarv  198()).  .VD.A  17017(1 

Stfvfins,  N.J.,  and  Kirkr.vtrick,  M.E. 
(TRW',  Inc.,  Redondo  Beach,  CA) 

SpaeeerafI  Fnrironment  hileraetion 
Diresligation 

AFGGTR-8(i-0214  (Ocioher  IDsdi.  ADA  17!)18:i 

Tarbfi.d,  T.D.  (Lockheed  Missiles  and 
Space  Co.,  Inc.,  Palo  Alto,  CA) 

Speitral  Imaging  with  a  CID  Camera 
.\FGLTR-8.V(i07.')  (22  March  1987)),  ADAIOIOOS 

Tsfnoda,  R.T.,  Smith,  A.Q.,  Kki.lv, 
J.D.,  and  Robinson,  R.M.  (SRI 
International,  Menlo  Park,  CA) 

(Coordinated  Radar  and  .Satellite  .Studies  of 
luno.sphei ie  Currents  in  the  .Aurora!  Zone  and 
Polar  Cap 

AF(;LTR-8(;()022  (DcccmOcr  198.')),  AI)A1094(;(: 

Wfimfr,  D.R.  (Regis  Coll.,  W'eston, 
MA);  Gi  RNFTT,  D.A.,  and  Gokrtz,  C.K. 
(Univ.  of  Iowa,  Iowa  City,  lA) 

The  Conductance  of  .Aurora!  Magnetic  Field 
Lines 

AF(;i,-TR-8(i022.')  (October  19,S(i),  AI)A174()47 


W'oi.F,  R.A.  (Rice  Univ.,  Houston,  TX) 

Computer  Simulation  of  the  Dynamics  of  the 
.Xear-Karfh  Part  of  the  Geomagnetic  Tad 
AF(;i,-TR-8fi-()0fi;i  (20  March  1980).  AI)A1()9419 


Ill  IONOSPHERIC  PHYSICS 
DIVISION 


Air  P'orce  communications  and  surveil¬ 
lance  systems  operate  in  the  ionosphere, 
that  refjion  of  the  earth's  upper  atmo¬ 
sphere  where  charged  particles  play  a 
dominant  role  in  the  physical  and  dynami¬ 
cal  properties  of  the  medium  at  altitudes 
between  about  60  km  and  1000  km.  These 
particles  change  the  path  of  all  radio 
signals  in  the  ionosphere.  For  this  reason, 
AFGL  measures  the  extreme  ultraviolet 
radiation  which  creates  the  ionosphere, 
the  interaction  among  the  many  charged- 
particle  species  present,  and  the  electrical 
structure,  electron  concentration,  total 
electron  content,  and  ionic  structure  of  the 
region. 

The  ultraviolet  radiations  in  the  upper 
atmosphere  are  the  principal  energy 
source  driving  the  intensely  dynamic 
structure  and  properties  of  the  medium. 
Since  missiles  emit  ultraviolet  radiation, 
the  technology  developed  to  study  the 
ioiiospheie  can  also  be  used  to  locate  and 
identity  missiles.  Ionospheric  studies  can 
therefore  be  used  to  help  solve  problems 
in  the  areas  of  missile  surveillance  and 
tracking,  spacecraft  horizon  sensing,  at¬ 
mospheric/ionospheric  sensing  for  com¬ 
munication  and  detection  purposes,  and 
technical  intelligence.  Ultraviolet  radia¬ 
tions  are  measured  princijjally  on  board 
satellites,  although  rocket  measurements 


so 


have  also  proved  very  use  fid.  The  priiicd- 
pal  theoretieal  tools  used  to  tuake  these 
measiirenietits  are  atotiiie  and  molecular 
quanttim  mechanics. 

The  propatfation  of  radio  waves  in  and 
throu^th  the  ujiper  atmosphere  is  pro¬ 
foundly  influenced  by  the  high  concentra¬ 
tion  of  charged  jiarticles.  Th'.  concentra¬ 
tion  varies  markedly  during  disturlied  con¬ 
ditions  sueh  as  scintillation,  auroral  pre¬ 
cipitation  e\  ents,  and  polar  cap  absorption 
event.'  all  of  which  can  severely  degraoe 
the  pierformance  of  satellite  communica¬ 
tions  systems.  The  Ionospheric  Physics 
Division  observes  these  phenomena  with  a 
variety  of  instruments  on  the  ground,  on 
sounding  rockets,  (.m  satellites,  such  as 
Polar  HEAR,  and  on  the  Division's  Air¬ 
borne  b.mospheric  Observatory  (AIOl,  an 
XKO-l.'E)  aircraft. 

The  many  charged  panicle  species,  con¬ 
stantly  being  produced  and  subsequently 
destroyed,  interact  with  one  another  in  a 
great  variety  of  two-,  thre-.-,  and  multi¬ 
particle  encounters.  Laboratoa  studies 
are  employed  to  mea.sure  the  reaction 
rates  of  these  species,  and  theoretical 
work  is  conducted  on  models  which  at¬ 
tempt  to  simplify  and  e.\i)lain  the  compli¬ 
cated  development  of  the  ionos[)here  and 
its  jilasma  constituents.  Results  of  'these 
investigations  are  of  direct  in' ■■'rest  to  the 
Integrated  Operational  Xaclear  Detection 
System  of  Space  Division  and  to  the  Bal¬ 
listic  Missile  Offit'f. 

.-Vn  extensive  program  exists  to  investi¬ 
gate,  both  theoretically  and  experimental¬ 
ly,  large-scale  global  ionospheric  process¬ 
es  in  regions  such  as  the  polar  ca^  the 
auroral  oval,  the  F-layer  trough,  and  the 
.■\|)pleton  Anomaly.  These  large-scale 
structures  re.udt  from  extremely  complex 
interactions  among  neutral  winds  and  ion- 
(ispheric  plasma  drifts  driven  by  electric 
fields,  various  ions  and  precipitating  parti¬ 


cles.  The  large-scale  features  produce  del¬ 
eterious  effects  on  Air  Force  systems 
operating  principally  in  the  hf  range.  The 
Division  also  investigates  medium  and 
small-scale  processes  with  scale  sizes 
from  some  tens  of  kilometers  to  a  few 
centimeters  that  produce  irregularities 
such  as  equatorial  electron-concentration 
depletions,  high-'atitude  ionosphere  scin¬ 
tillation  and  the  polar  cap,  F  layer  auroras 
and  patches.  Various  plasma  instabilities 
are  the  cause  of  many  medium  and  small- 
scale  irregularities,  while  auroras  are  pro¬ 
duced  by  strong  local  particle  precipita¬ 
tion.  Medium  and  small-scale  irregulari¬ 
ties  adversely  affect  radio  propagation  in 
a  wide  range  from  hf  through  shf.  Conse¬ 
quently,  Air  Force  systems  are  adversely 
affected  from  the  hf  over-the-horizon 
back-scatter  radar  to  the  satellite  commu¬ 
nication  systems  (AFoATCOM,  MILSAT- 
COM)  and  the  Global  Positioning  Satellite 
(GPS),  operating  over  the  whole  uhf  and 
part  of  the  shf  band.  Mai  y  of  these 
ileleterious  effects  occurring  naturally  in 
the  ionosphere  would  also  be  observed  in  a 
nuclear-disturbed  ionosphere. 

ULTRAVIOLET  RADIATION 

UV  Imaging  from  Satellites:  Ultraviolet 
radiation  from  the  earth's  ionosphere  is 
being  used  to  develop  remote-sensing 
methods  for  determining  the  electron-den¬ 
sity  [irofile  of  the  ionosphere  and  for 
locating  the  auroral  disturbance  region. 
The.se  improved  methods  will  enhance  op¬ 
eration  of  Air  Force  communications  and 
radar  systems.  The  feasibility  of  id^  ntify- 
ing  regions  at  high  latitudes  that  produce 
radio-wave  scintillation  is  also  of  interest, 
since  these  regions  simulate  the  effects  of 
high-altitude  nuclear  bursts. 

After  the  proof-of-concept  demonstration 
provided  by  the  short-lived  .■turoral/Iono- 


AIKS  Sensor  I.aunclieil  N'ovemher  Ki.  19S(>.  on  llie  I’olar  Orliitint:  I'olar  HKAK  Satellite. 


s|)heric  Mapper  experiment  in  1983,  an  im¬ 
proved  instrument,  the  Auroral/Iono.spheric 
Remote  Sensor  (AIRS),  was  included  on  the 
Space  Test  Program  F’olar  BEAR  (Beacon 
and  Auroral  Research)  satellite  launched  in 
November,  1986  (see  the  figure).  AIRS  pro¬ 
duces  four  simultaneous  strip-map  images 
of  optical  radiation  from  the  earth’s  iono¬ 
sphere  as  viewed  from  1000  km  on  the  polar- 
orbiting  stabilized  satellite.  An  earth-facing 
movable  mirror  makes  repetitive  cross-track 
observations.  When  the  resulting  light-inten¬ 
sity  measurements  are  displayed  in  proi)er 
registration  with  the  ground,  a  map  is 
produced. 


Data  for  two  of  the  four  inu.ges  are  the 
output  from  a  grating  spectrometer  which 
can  be  set  to  wavelengths  in  the  1 10()-19()() 
A  region.  These  two  channels  have  a 
constant  separation  of  240  .\,  spectral 
resolution  of  about  36  A.  and  spatial 
resolution  at  nadir  of  about  o  by  20  km. 
k'or  example,  the  atomic  oxygen  line  at 
1356  A  and  a  grou|)  of  molecular  nitrogen 
Lyrnan-Birge-Hopfield  bands  near  159() 
can  be  measured  to  monitor  the  daytime 
airglow  and  aurora.  Data  for  the  other 
two  images  are  the  output  of  a  pair  of 
filter  photometers  which  have  about  the 
same  spatial  resolution  as  the  speetrome- 


ter  ehannels.  The  filters  for  the  photome¬ 
ters  can  he  switched  between  a  pair  most 
useful  at  nig'ht  (dhldA  and  (idOOA)  and  a 
[jair  most  useful  in  daylight  (22oOA  and 
;T57oA).  By  mid-December  IDSh,  Polar 
BEAR  and  the  AIRS  sensor  had  success¬ 
fully  comi)leted  ()ost-launch  check-out;  at 
the  end  of  December,  routine  operations 
were  underway,  and  the  first  high-opuility 
images  were  being  rea<lied  for  analysis, 

Ajiplications  of  the  .-MRS  results  are 
diverse.  .\t  one  extreme,  they  will  provide 
moderately  h'gh  spatial-resolution  infor¬ 
mation  on  the  characteristics  of  ultravio¬ 
let  background  radiation  needed  to  evalu¬ 
ate  missile  defense  concepts.  .-Vt  another 
extreme,  ‘hey  will  supply  the  moderately 
high  si)ectra!-resolution  information  need¬ 
ed  to  test  and  validate  codes  heing  devel¬ 
oped  in  this  Division  to  enable  passive 
remote  topside  sensing  of  electron  density 
profiles.  The  ultimate  use  of  this  tech- 
ni<iue  would  he  its  ap[)lication  as  the 
Special  Sensor  Electron  density  (SSFA  on 
Defense  .Meteorological  Satellite  Program 
satellites. 

UV  Radiation  of  Missiles:  Eor  missile 
defense  purposes,  the  ultraviolet  radia¬ 
tions  of  missiles  were  measured  as  they 
were  launched  at  Vandenberg  AFB  and 
also  as  they  were  fired  in  a  test  stand  at 
the  White  Sands  .Missile  Range.  In  Febru¬ 
ary.  198.'),  a  Titan  III  B  having  a  large 
li(iuid  engine  was  observed  during  launch 
at  Vandenlierg  .AFB.  Rariiant  intensities, 
spectra,  and  spatial  characteristics  were 
measured.  In  October,  198.9,  two  small 
solid  boosters  were  observed  while  being 
fired  in  a  test  stanri  at  White  Sands,  In 
March,  198t),  a  Peacekeeijer  and  two  Min- 
uttmian  missiles  were  observed  during 
launch  at  Vandenberg  .AF'B.  and  in  No¬ 
vember,  1981),  a  Scout  launch  was  ob- 
serveii  at  Vandenberg  .AFB  at  launch  and 


up  to  altitudes  of  50  km.  The  data  ob¬ 
tained  during  these  measurements  have 
all  neen  analyzed  and  published. 

Solar  UV  Radiation:  Data  on  solar  ul¬ 
traviolet  absorption  in  the  stratosphere, 
obtained  from  a  balloon  flight  in  April, 
1983,  were  analyzed  to  obtain  the  trans¬ 
mission  characteristics  of  the  atmosphere 
in  the  ultraviolet  window  near  2000  .4,  and 
in  particular  to  establish  more  accurate 
values  for  the  absorption  spectrum  of 
molecular  oxygen.  This  analysis  indicated 
that  the  atmosphere  is  more  transparent 
than  had  been  assumed  on  the  basis  of 
laboratory  measurements.  New  calcula¬ 
tions  of  the  photodissociation  rate  coeffi¬ 
cients  for  molecular  oxygen  were  made 
using  these  data,  demonstrating  the  cre¬ 
ation  of  atomic  oxygen  and  ozone  at  deep¬ 
er  levels  in  the  stratosphere  than  the 
current  models  show. 

.At  the  request  of  the  Optical  Physics 
Division,  a  spectrum  was  prepared  of  the 
solar  radiation  between  2000  A  and 
3200  A  in  1  A  resolution,  as  measured  at 
40  km  in  the  stratosphere  in  April,  1983. 
Extrapolation  of  these  solar  irradiance 
data  to  the  lop  of  the  atmosphere  provides 
a  reference  spectrum  in  higher  spectral 
resolution  than  others  currently  available. 
Currently  this  spectrum  is  being  consid¬ 
ered  for  use  in  an  update  of  AFGL’s 
LOWTR.AN  optical  transmission  codes. 

Laser  Spectroscopy:  Ultraviolet  emis¬ 
sions  occurring  in  the  upper  atmosphere 
have  important  remote-sensing  and  sur¬ 
veillance  applications.  Detailed  knowledge 
must  be  obtained  of  the  excitation  and 
radiative  (juenching  processes  occurring 
in  atmospheric  molecules  and  ions  in  order 
to  characterize  and  describe  these  emis¬ 
sions  ii.  complicated  environments  such  as 
auroras  and  nuclear-perturbed  atmo- 


spheres.  A  laboratory  program  using  la¬ 
sers  is  being  conducted  to  determine  elec¬ 
tronic  quenching  processes  and  rates  in 
atmospheric  molecules  and  ions.  It  is  sur¬ 
prising  that  very  little  is  known  about  the 
collisional  deactivation  of  electronically 
excited  molecules.  A  number  of  experi¬ 
ments  have  been  conducted  to  obtain  in¬ 
formation  on  the  deactivation  paths  and 
rates  which  are  important  for  predicting 
wavelengths  of  radiative  emissions  as 
well  as  for  laser  diagnostics. 


Thf  Pump  Probe  Experiment,  (a)  Schematic 
Diagram.  (The  probe  laser’s  pulse  can  be 
varied  in  time  with  respect  to  that  for  the 
pump  laser.  The  detected  ultraviolet  pul.se  is 
from  the  C*  g(0,0)  transition.)  (b)  Energy 
Level  Diagram  of  the  Ewg  (v  =  =  0) 

Rotational  Manifold  with  e/f  Parity 
Notation.  (The  manifold  for  the  F-  (S7  =  1) 
and  F‘  (fl  =  2)  spin  components  begins  at 
approximately  45  and  90  cm '.  respectively, 
above  the  J  =  0  level  of  the  FdH  =  0) 
manifold.) 

A  two-laser,  optical-optical  double  reso¬ 
nance  (OODR)  technique  has  been  used  as 
a  direct  probe  of  the  rotational  energy 
transfer  (RET)  in  the  electronically  excit¬ 
ed  B  state  of  molecular  nitrogen.  An 
energy  level  diagram  illustrating  the  dou¬ 
ble  resonance,  “pump”  -  “probe”  experi- 
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Probe  Laser  Spectrum  of  the  C  '‘jr„  •  B  V,,  (0. 

S)  Band  with  a  Delay  of  (a)  25  ns.  (b)  60  ns, 
and  (c)  90  ns  from  the  Pump  Laser.  (The 
pump  laser's  wavelength  is  fixed  so  that  the 
.1=0  level  of  the  B  V,,  (f2  =  0)  is  populated; 
thus  R,(0)  is  expected  to  be  the  most  intense 
line  at  short  delay  times.) 

ment  is  shown  in  part  (a)  of  the  figure. 
Part  (b)  shows  details  of  the  F,  rotational 
manifold  for  the  B  (v  =  3)  state.  The  pump 
laser  selectively  populates  a  rotational 
level  of  the  nitrogen  B  (v  =  3)  electronic 
state,  and  collision-induced  RET  from  this 
selectively  populated  level  to  other  levels 
of  the  rotational  manifold  is  determined 
by  scanning  the  probe  laser  through  the 
C-B  (0,  3)  band.  An  example  of  a  probe 
laser  excitation  spectrum  is  given  in  the 
next  figure,  where  the  pump  laser  selec¬ 
tively  populates  the  J  =  0,  e  level  of  the  B 
(F,)  manifold  and  the  probe  laser  scans 
the  C-B  (0,  3)  band  with  delay  times  of 
approximately  (a)  25,  (b)  60,  and  (c)  90  ns. 
From  scans  such  as  these,  propensity  or 
“selection  rules”  were  deduced  for  RET  in 
the  B  state  of  nitrogen.  We  also  found 
that  RET  is  not  faster  than  collision- 


induced  electronic  energy  transfer.  Thus 
electronic  transfer  by  collisions  should 
have  an  important  role  in  the  emissions 
involving  the  tiitrogen  Vegard-Kaplan  and 
first  positive  systems. 

A  double-resotiance  technique  has  also 
been  used  to  obtain  detailed  information 
of  electronic  energy  transfer  between  a 
single  rotational  level  of  the  A  state  of  N-t 
and  the  nearly  degenerate  levels  of  an  X 
state  vibrational  manifold.  Such  informa¬ 
tion  could  be  used  to  compare  experimen¬ 
tal  results  with  theoretical  quantum  me¬ 
chanical  calculations.  This  comparison 
showe(l  qualitative  agreement,  although 
there  is  more  experimental  and  theoretical 
work  needed  in  this  area.  Finally,  the 
ultraviolet  Huggins  band  of  ozone  was 
reanalyzed  to  confirm  a  previous  vibra¬ 
tional  quantum  number  assignment  for 
the  antisymmetric  stretch  mode  of  the 
upper  state  of  this  band  system. 

IONOSPHERIC  INTERACTIONS 

In  the  ionosphere,  the  many  ion  and 
neutral  species  undergo  a  wide  variety  of 
encounters  which  affect  radio  propagation 
in  this  region.  Such  effects  can  be  particu¬ 
larly  acute  at  high  latitudes.  They  also 
affect  the  environment  of  spacecraft  in 
orbit  and  during  re-entry. 

A  comprehensive  network  of  polar  iono¬ 
spheric  monitoring  experiments  has  been 
assembled  to  conduct  radio-wave  propaga¬ 
tion  studies  within  the  polar  cap.  Such 
topics  as  "polar  cap  absorption"  and  "me 
teor  scatter"  were  studied  with  the  aid  of 
several  installations  in  Greenland. 

In  addition,  both  the  ion  and  neutral 
chemistry  of  the  ionosphere  have  been 
studied  theoretically  as  well  as  in  labora¬ 
tory  and  field  exijeriments.  Research  in 
the  chemistry  of  sodium  in  the  lower 
portion  of  the  ionosphere  showed  that  the 


change  of  sodium  vertical  content  with 
season  is  attributable  to  seasonal  varia¬ 
tions  of  the  neutral  chemistry  of  sodium. 
These  studies  provide  insight  into  the 
behavior  of  0  and  O.-,  in  the  mesosphere 
and  thus  also  to  a  better  understanding  of 
D-region  chemistry. 

Research  in  ion  chemistry  centered  on 
measurements  of  rate  constants,  cross 
sections,  bond  dissociation  energies,  and 
electron  affinities  for  the  reactions  of  ions 
in  the  gas  phase  with  neutral  molecules, 
electrons,  photons,  and  other  ions.  These 
reactions  cause,  among  other  things,  the 
radio  blackout  during  atmospheric  re-en¬ 
try  of  spacecraft.  The  measured  rate  con¬ 
stants  serve  as  input  to  computer  codes 
developed  to  model  the  blackout  condi¬ 
tions.  Also,  several  chemicals  have  been 
investigated  for  their  ability  to  react  with 
free  electrons  in  the  gas  phase  to  produce 
negative  ions.  A  good  electron-quenchant 
species  is  one  that  attaches  electrons  rap¬ 
idly.  The  energy  to  detach  the  electron 
from  the  resulting  negative  ion  must  also 
be  large.  Strong  acids  have  been  identified 
as  among  the  best  electron  quenchants. 
Such  species  can  be  used  to  produce  effec¬ 
tive  and  long-lasting  perturbations  of  the 
local  ionospheric  electron  densities. 

Continued  analysis  of  mass  spectrome¬ 
ter  data  from  a  1982  shuttle  flight  sup¬ 
ports  the  claim  that  water  vapor  outgas- 
sing  from  shuttle  surfaces  is  the  most 
concentrated  contaminant  species  from 
the  shuttle  and  that  a  strong  correlation 
exists  between  the  intensity  of  the  water 
and  the  temperature  of  the  instrument 
and  shuttle  bay.  Also,  large  differences 
between  the  measured  composition  and 
the  calculated  composition  of  the  thruster 
exhaust  plumes  are  attributed  to  kinemat¬ 
ic  effects. 

Below  the  ionosphere  lies  the  strato 
sphere,  a  region  where  electrons  dominate 


the  atmospheric-electric  processes  and 
where  certain  gaseous  emissions  from 
various  Air  Force  operations  have  been 
evaluated  in  terms  of  their  possible  risk  to 
the  ozone  layer.  The  positive  ion  composi¬ 
tion  of  the  stratosphere  was  determined 
from  two  balloon  flights,  which  covered 
the  altitude  range  from  29  km  to  41  km. 
The  on-board  quadrupole  mass  spectrome¬ 
ter  provided  the  positive  ion  mass  distribu¬ 
tion  for  ions  of  up  to  1000  atomic  mass 
units.  Investigation  of  the  neutral  trace 
gas  composition  of  the  stratosphere  was 
completed  with  the  compilation  and  analy¬ 
sis  of  the  o.xides  of  nitrogen  and  inorganic 
bromine  data. 

Polar  Ionospheric  Monitoring:  Since 
June,  1986,  we  have  been  operating  a 
comprehensive  network  of  polar  iono¬ 
spheric  monitoring  experiments.  These 
systems  have  been  acquired  and  installed 
to  conduct  radio  wave  propagation  studies 
within  the  polar  cap,  especially  concentrat¬ 
ing  on  effects  created  by  severe  iono¬ 
spheric  D-region  disturbances  such  as  po¬ 
lar  cap  absorption  events  created  by  solar 
proton  events. 

Several  installations  include  a  low-fre¬ 
quency  grazing  incidence  ionosounder  be¬ 
tween  Thule  AB  and  Sondrestrom  AB; 
and  a  modified  meteor  scatter  communica¬ 
tions  link  at  65  MHz,  operating  in  parallel 
with  the  multifrequency  test  link.  A  scan¬ 
ning  high-frequency  propagation  probe  in 
parallel  with  scatter  links  will  be  imple¬ 
mented  in  1987. 

The  meteor  scatter  multifrequency  link 
operates  on  four  frequencies:  45,  65,  104 
and  147  MHz,  to  permit  studies  of  the 
properties  of  meteor  scatter  communica¬ 
tions  as  a  function  of  frequency  during 
normal  and  disturbed  conditions.  This  is 
the  initial  effort  in  a  planned  continuing 
theore'ical  and  experimental  program  to 


investigate  the  performance  of  meteor 
scatter  propagation  at  high  latitudes  and 
to  provide  an  improved  understanding  of 
the  methodology  needed  to  maximize  the 
yield  of  future  systems.  Data  acquired  are 
analyzed  to  evaluate  such  parameters  as 
trail  availability,  waiting  times,  and 
throughput  as  a  function  of  modulation 
techniques.  Propagation  effects  such  as 
signal  dispersion  and  Faraday  rotation  are 
also  studied,  since  they  are  affected  by 
disturbances  of  the  ionosphere. 

Other  measurements  of  ionospheric  ef¬ 
fects  are  provided  by  the  riometers,  the 
low-frequenry  sounder,  and  the  high-fre¬ 
quency  propagation  probe.  Additional  in¬ 
formation  will  be  drawn  from  a  variety  of 
related  experiments  conducted  by  AFGL, 
several  Danish  institutes,  and  other  agen¬ 
cies,  such  as  the  ionosounder  operated  by 
the  Ionospheric  Physics  Division  in  Qanaq 
and  a  number  of  riometers  posted 
throughout  Greenland.  Specific  compari¬ 
sons  will  be  made  between  the  communi¬ 
cations  throughput  of  hf  propagation  and 
vhf  meteor  scatter  links  as  a  function  of 
such  measured  parameters  as  ionospheric 
absorption,  maximum  usable  hf  frequen¬ 
cy,  ion-layer  height,  and  electron  density. 

Chemistry  of  Metals  in  the  Iono¬ 
sphere:  Significant  progress  was  made  in 
explaining  seasonal  patterns  associated 
with  the  sodium  layer  in  the  upper  meso¬ 
sphere.  Contrary  to  a  number  of  past 
“guestimates"  over  the  previous  two  de¬ 
cades,  most  sodium  reactions  appear  to  be 
quite  rapid,  i.e.,  they  are  of  the  same  order 
of  magnitude  as  the  kinetic  collision  rate. 
There  is  an  exception  or  two.  The  rapidity 
of  the  reactions  simplifies  analyses  in  the 
sense  that  below  the  peak  of  the  sodium 
layer,  nominally  90  km,  the  relative  abun¬ 
dance  of  the  sodium  compounds  (Na,  NaO, 
NaO),  and  NaOH),  may  be  derived  from 
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their  (ciiemicai)  steady-state  equations. 
Research  has  shown  that  sodium  ions 
have  little  impact  upon  the  overall  pattern 
of  sodium,  except  to  reduce  the  Na  scale 
height  above  90  km  because  of  the  in¬ 
creasing  conversion  of  Na  to  Na^  with 
altitude  above  90  km. 


month 

.tiiMiKil  Vnrialifiri  of  I'hrft'-Kody  Loss  Ftatf. 

The  change  of  sodium  vertical  content 
with  season  (more  in  winter)  therefore 
appears  to  be  attributable  to  seasonal 
variations  of  the  neutral  chemistry  of 
sodium.  From  the  figure  we  see  that  the 
main  loss  process  for  Na,  Na  +  Oj-t-M  ->■ 
N'aOj  +  .VI,  where  .VI  =  0.  +  N.j  changes 
with  .VI  and  T  in  such  a  way  as  to  favor  an 
increase  in  the  sodium  content  with  win¬ 
ter.  Other  factors  may  contribute,  most 
notably  the  slow  reactujn  NaOj  -t-  0 
-*■  .NaO  +  (),.  The  rate  coefficient  has  been 
estimated  to  be  about  10  '■’  cm  's  '  for  this 
process.  It  will  contribute  significantly  to 


the  seasonal  content  variation  of  sodium  if 
the  rate  constant  is  more  like  10"’ 
exp(-1250/T),  where  T  is  the  absolute 
temperature.  An  increase  of  atomic  oxy¬ 
gen  in  winter  versus  summer  also  would 
contribute,  since  this  loss  process  for 
NaO-,  involves  [OJ.  The  distribution  of 
atomic  oxygen  in  the  mesosphere,  which 
bears  upon  so  many  emission  processes  in 
this  region,  is  poorly  known  as  a  function 
of  season  and  latitude.  There  are  very  few 
reliable  measurements  of  this  very  impor¬ 
tant  minor  constituent. 

A  confusing  kssue,  namely  that  the  sea¬ 
sonal  variation  observed  for  the  column 
content  of  sodium  is  different  from  that  of 
the  nightglow,  has  been  resolved.  In  re¬ 
cent  years  it  has  become  almost  certain 
that  the  sodium  nightglow  at  .5898  A  (D- 
lines)  from  -P  -S  transition  in  sodium 
arises  from  Chapman’s  mechanism. 

Na  +  0:j  NaO  +  0^ 

NaO  -6  0  ^  Na  (-P,  -S)  +  0. 

Both  processes  are  fast  and  most  certain¬ 
ly  the  first  process  is.  It  is  the  rate- 
limiting  step  for  the  volume  emission  rate 
E  (photons  cmV), 

E  =  fk,[0.,][NaJ 

where  k,  is  the  reaction  rate  coefficient 
for  the  Na  -t-  0:j  process,  square-bracketed 
terms  are  species  concentrations,  and  f  = 
%  is  the  fraction  of  sodium  believed  to  be 
left  in  the  excited  'P  state  in  the  second  of 
the  two  reactions  above.  This  equation  for 
E  predicts  that  the  emission  is  proportion¬ 
al  to  ozone  concentration.  Data  obtained 
with  the  Solar  Mesosphere  Explorer 
(SME)  satellite  indicate  that  0:.  is  a  maxi¬ 
mum  near  the  equinoxes  at  midlatitudes. 
This  fact  is  in  accord  with  information 
gathered  over  many  years  which  shows  a 
similar  pattern  for  the  sodium  nightglow. 
(The  dayglow,  which  arises  from  the  same 
chemiluminescent  processes,  is  negligible 
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compared  to  resonance  scattering!;  of  5898 
A  solar  radiation  by  sodium.) 

We  have  argued  that  the  different  sea¬ 
sonal  behaviors  of  the  nightglow  and  ver¬ 
tical  content  arise  from  the  fact  that  the 
fast  process  Na  +  0-^  -*•  NaO  -t  0-, 
effectively  removes  very  little  Na  becau.se 
NaO  -t-  0  ^  Na  -t-  O2  is  sufficiently  fast. 
Hence,  the  three-body  process  introduced 
above,  with  rate  constant  k-t,  is  primarily 
responsible  for  converting  sodium  atoms 
to  other  comj  ounds  starting  with  Na02. 
The  reaction  Na02  •+-  0  ->•  NaO  +  0-,  with 
rate  coefficient  k,;,  also  followed  by  NaO  + 
0  -»•  Na  -t-  O2,  counters  the  role  of  the 
three-body  process,  but  only  somewhat, 
since  the  process  is  slow,  as  discussed 
above.  In  other  words,  we  find  roughly 
that  [Na]  ^  k,[0] 

[Na02]  k:,[02][M] 

below  the  peak  of  the  sodium  layer,  show¬ 
ing  that  Na  is  not  controlled  as  is  E  by  the 
ozone  concentration.  However,  there  is 
some  coupling  inasmuch  as  the  source  for 
an  increase  in  Oa  at  these  altitudes  is  loss 
of  0  through  0  -1-  O2  +  M  ^  0,(  -h  M.  On 
the  other  hand,  the  Chapman  process 
remains  the  largest  source  of  NaO,  the 
precursor  species  for  the  nightglow. 

Studies  of  the  chemistry  of  sodium  in 
the  mesosphere  can  also  help  shed  light 
upon  the  behavior  in  the  mesosphere  of  0 
and  0;j,  gases  important  both  to  D-region 
chemistry  and  atmospheric  emissions  like 
the  green  line  of  atomic  oxygen  at  5577  A 
and  the  OH  (infrared)  Meinel  bands.  In 
addition,  the  chemistry  of  sodium  is  impor¬ 
tant  to  missile  exhaust  chemistry,  and  by 
analogy  to  potassium  chemistry,  of  inter¬ 
est  in  muzzle  flash  problems. 

Atmospheric  Ion  Chemistry:  The  pri¬ 
mary  objective  of  the  program  in  atmo¬ 
spheric  ion  chemistry  is  to  obtain  informa¬ 


tion  on  the  reactions  of  ions  in  the  gas 
phase  with  neutral  molecules,  electrons, 
photons,  and  other  ions.  These  kinds  of 
reactions  are  important  in  the  strato¬ 
sphere,  mesosphere,  and  thermosphere, 
and  under  other  conditions  in  which  weak 
plasmas  are  generated,  as  in  combustion 
and  some  gas-pha.se  laser  chemistry.  Such 
phenomena  as  antenna  breakdown,  radio 
blackout  during  atmospheric  reentry,  and 
radio  and  radar  blackout  following  nucle¬ 
ar  detonations  are  in  part  the  result  of 
these  reactions.  The  computer  codes 
which  have  been  developed  to  model  these 
phenomena  require  as  input  the  rate  con¬ 
stants,  cross  sections,  bond  dissociation 
energies,  and  electron  affinities. 

Our  studies  on  reactions  between  ions 
and  neutral  molecule.s  are  performed  us¬ 
ing  a  selected  ion  flow  tube  (SIFT).  In  the 
SIFT,  reactant  ions  are  generated  either 
by  electron  bombardment  or  as  the  result 
of  ion-neutral  reactions.  These  ions  are 
mass-analyzed,  and  the  desired  ion  species 
is  injected  into  a  fast  flowing  (10'*  cms  ') 
stream  of  inert  carrier  gas,  usually  heli¬ 
um.  Further  downstream,  after  the  ions 
have  reached  the  same  temperature  as 
that  of  the  carrier  gas,  reactant  neutral 
gas  is  injected  into  the  flow  tube  at  a 
known  flow  rate.  Ion  neutral  reactions 
may  then  occur,  usually  causing  depletion 
of  the  reactant  ions  and  formation  of 
product  ion  species.  The  ion  composition 
of  the  gas  stream  is  monitored  with  a 
second  mass  spectrometer  at  the  down¬ 
stream  end  of  the  flow  tube.  Reaction  rate 
constants  are  determined  by  measuring 
the  loss  of  reactant  ions  as  the  flow  rate 
of  the  reactant  neutral  gas  is  varied.  The 
temperature  range  available  in  these  stud¬ 
ies  is  from  85"K  to  about  600‘'K.  Possible 
reactant  neutral  species  include  atomic 
hydrogen  and  atomic  oxygen,  in  addition 
to  more  stable  species.  As  a  result  of  the 
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Selecteii  Ion  Flow  Drift  Tulie.  (Ions  jrviuTatod  in  the  ion  source  are  mass-selected  with  the  (juadrupole  mass 
spectrometer  on  the  left  and  injected  into  the  flow-drift  tube,  which  conutins  inert  carrier  gas  flowing  at  high 
velocity.  Alternatively,  reactant  ions  may  he  injected  without  prior  mass  analysis  through  the  diaphragm. 
ReacUint  neutral  gas,  which  may  include  atomic  hydrogen  or  atomic  oxygen,  is  injected  into  the  tube  further 
downstream.  The  translational  energy  of  the  reactant  ions  can  be  controlled  with  the  electric  field  in  the  drift 
tube.  The  ion  composition  of  the  flowing  stream  is  analyzed  with  the  mass  spectrometer  on  the  right.) 


recent  addition  of  a  drift  tube  to  the 
apparatus,  converting  the  SIFT  to  a  Se¬ 
lected  Ion  h'low  Drift  Tube  (SIFDT),  a 
longituainal  electric  field  can  be  gener¬ 
ated  in  the  reaction  region  of  the  flow- 
tube,  allowing  the  average  ion  kinetic 
energy  to  be  varied  (see  the  figure).  By 
this  means,  translational  energies  corre¬ 
sponding  to  temperatures  up  to  several 
thousand  degrees  Kelvin  can  be  obtained. 
However,  the  internal  energies  of  the  ions 
and  neutral  molecules  are  not  equilibrated 
with  the  translational  energy  of  the  ions, 
and  the  effects  of  very  high  temperature 


on  reaction  kinetics  are  only  incompletely 
simulated. 

The  positive  ion  composition  of  the 
stratosphere  is  now  known  to  be  dominat¬ 
ed  by  complex  solvated  ion  species  derived 
from  such  neutral  molecules  as  water  and 
acetonitrile,  while  the  negative  ion  compo¬ 
sition  is  dominated  by  solvated  ion  species 
involving  water,  sulfuric  acid,  hydrochlo¬ 
ric  acid,  and  nitric  acid.  The  abundances  of 
these  species  as  neutrals  in  the  strato¬ 
sphere  are  vanishingly  small,  and  it  is 
apparent  that  the  processes  which  convert 
the  minor  neutral  species  into  the  domi- 


nant  ionic  species  must  be  very  efficient. 
Information  on  the  relative  ion  abun¬ 
dances,  together  with  the  rate  constants 
for  the  production  and  loss  of  the  solvated 
ion  species,  can  be  used  to  derive  the 
concentrations  of  the  minor  neutral  spe¬ 
cies  in  the  stratosphere.  Following  the 
application  of  this  technique  to  the  deriva¬ 
tion  of  nitric  acid  concentrations,  as  re¬ 
ported  in  the  1983-1984  Report  on  Re¬ 
search  (AFGL-TR-85-0113,  p.21),  we  have 
recently  measured  the  rate  constants  for 
the  reactions  of  water  cluster  ions,  i.e., 
H;iO-t-(H._,0)n  for  n  =  1  to  11,  with  acetoni¬ 
trile.  a  constituent  of  the  predominant 
()ositive  ion  species  in  the  stratosphere. 
We  have  used  these  data  to  derive  the 
concentration  of  acetonitrile  as  a  function 
of  altitude.  In  the  altitude  range  from  10 
to  45  km.  the  mixing  ratio  of  acetonitrile 
was  found  co  vary  from  1.5  x  10  ''  to  1.5  X 
10'''.  Because  the  temperature  depen¬ 
dences  of  the  rate  constants  for  the  solva¬ 
tion  reactions  were  found  to  be  signifi¬ 
cantly  stronger  than  previously  thought, 
the  derived  acetonitrile  concentrations  are 
as  much  as  40  per  cent  lower  than  had 
been  estimated  earlier. 

Many  exothermic  reactions  between 
neutral  species  are  known  to  have  large 
activation  energies  and  thus  to  be  fast  at 
very  high  temperatures,  e.g.,  in  shock 
tubes,  but  to  be  very  slow  at  room  temper¬ 
ature.  The  rate  constant  at  room  tempera¬ 
ture,  which  may  be  immeasurably  small, 
can  be  estimated  from  the  activation  ener¬ 
gy  measured  at  the  higher  temperatures. 
A  few  examples  have  been  known  since 
1980  in  which  a  reaction  similar  to  the 
slow  neutral  reaction  occurs  at  room  tem¬ 
perature  with  a  large  rate  con.stant  when 
one  of  the  reactants  is  clustered  to  an 
alkali  metal  positive  ion.  An  exam{)le  is 
the  reaction  between  ozone  and  nitric 
oxide,  producing  diatomic  oxygen  and  ni¬ 


trogen  dioxide,  a  i-eaclion  which  is  about 
10'  times  faster  when  the  (jzone  is  clus¬ 
tered  to  a  lithium  ion  than  when  the 
lithium  ion  is  absent.  Several  olhei'  such 
ion-assisted  reactions  have  recently  been 
identified  using  the  SIFT  apparatus.  The 
most  striking  example  i^  the  reaction  be¬ 
tween  nitrogen  dioxide  and  carbon  monox¬ 
ide, 

NO.,  H-  CO  ^  NO  -t  CO,,. 

The  estimated  rate  constant  for  this  reac¬ 
tion  at  room  temperature.  l);ised  upon  its 
measured  activation  energy,  is  about  10  ' 
cm''s'.  When  the  nitrogen  dioxide  is  clus¬ 
tered  to  a  lithium  ion.  the  reaction  is 
Li"(NO,)  -t  CO  ^  NO  -t-  LiOCO,). 
The  rate  constant  fur  this  reaction  mea¬ 
sured  using  the  SIFT  is  7  ■  10 cm'  s  ', 
i.e.,  about  10'"  times  larger  than  that 
estimated  for  the  similar  neutral  reaction 
in  the  absence  of  the  lithium  ion.  When 
the  nitrogen  dioxide  is  clustered  to  a 
sodium  ion,  the  rate  enhancement  factor  is 
10-",  Theoretical  calculations  have  been 
performed  in  order  to  explain  these  obser¬ 
vations.  These  calculations  suggest  that, 
in  the  presence  of  the  alkali  n.etal  ion,  the 
geometry  of  the  reactant  neutral  is 
shifted  toward  that  of  the  transition  state 
in  the  similar  neutral-neutral  reaction  in 
the  ab.sence  of  the  ion.  thereby  lowering 
the  activation  energy  of  the  reaction.  The 
present  studies  involve  only  species  in  the 
gas  phase.  Nevertheless,  these  results  on 
ion-assisted  reactions  have  interesting  im¬ 
plications  for  chemical  catalysis  and  for 
reactions  occui'iing  on  solid  surfaces. 

Many  chemicals  are  known  which  react 
with  free  electrons  in  the  gas  phase  to 
produce  negative  ions.  Sulfur  hexafluor¬ 
ide,  SF,;,  is  a  well-known  example  which 
has  long  been  used  in  ionospheric  chemi¬ 
cal  release  experiments  to  reduce  local 
electron  densities  and  in  high-voltage 
switch  gear  to  prevent  the  occurrence  of 


electric  discharges.  To  he  useful  as  an 
electron  (luenchant,  the  s[)ecies  must  at¬ 
tach  electrons  rapidly  ;md  mu.st  generate 
negative  ions  which  are  stable  in  the  local 
environment.  necessary  but  not  suffi¬ 
cient  condition  for  stability  is  that  the 
energy  rcHiuired  to  detach  the  electron 
from  the  resulting  negative  ion  must  be 
large.  A  new  class  of  useful  electron 
attaching  molecules  has  recently  been 
identified,  following  the  realization  that 
the  dissociative  electron  attachment  pro¬ 
cess  is  chemically  equivalent  to  an  acid- 
base  reaction  in  which  the  attaching  mole¬ 
cule  is  the  acid  and  the  electron  is  the 
base.  On  the  basis  of  this  model,  the 
strongtcst  acids  should  be  among  the  best 
electron  (juenchants  Studies  of  the  ion 
chemistry  of  these  acids  in  the  SIFT  have 
shown  th;it  the  electron  detachment  ener¬ 
gies  of  the  negative  ions  (iroduced  by 
electron  attachment  to  strong  and  super 
acids  tire  exceptionally  Large,  e.g.,  about  d 
e\’  fi,r  Ole  fluorosulfonate  anion  produced 
from  the  suiter  aciii  called  fluorosulfonic 
acid,  FS():,H.  (A  super  acid  is  an  acid 
stronger  than  pure  sulfuric  acid.)  These 
ions  hiive  been  found  to  be  stable  even  in 
the  presence  of  such  reactive  species  as 
atomic  hydrogen  and  atomic  oxygen. 
.\f';tisurements  made  elsewhere  under  con¬ 
tract  havo  shois  ii  that  the  electron  attach- 
-aiont  rates  for  the  strong  and  super  acids 
are  very  large  and  are  idose  to  the  theoret¬ 
ical  limiting  values,  based  upon  the 
de  Broglie  wavelength  of  the  electron. 
The  studies  in  the  SIFT  have  also  led  to 
the  first  ordering  of  intrinsic  acid 
strengths  for  the  strong  and  super  acids. 
The  significance  of  intrinsic  acidity  of 
chemistry  is  that  acid  strengths  are  now 
knovi  n  for  these  s[)ecies  in  the  tibsence  of 
solvation  cd’fects  which  can  change  the 
order  of  acid  strengths  in  solution  :is  the 
solvent  is  (dianged. 


The  present  results  on  electron  quen- 
chants  have  been  obtained  following  our 
earlier  work  on  the  species  PO-j.  reported 
in  the  1983-1984  Report  on  Resenreh 
(AFGLrTR-85-0113,  pp.  21,  22),  in  which  it 
was  found  that  the  ion  PO;r  is  particularly 
stable.  The  species  HPO;,,  known  as  meta- 
phosphoric  acid,  is  a  strong  acid.  Or  the 
basis  of  the  results  reported  here,  HPUn  is 
expected  to  be  a  good  electron  quenchant. 
Unfortunately,  metaphosphoric  acid  does 
not  exist  as  a  stable  species  at  room 
tem()erature  and  is  therefore  not  a  good 
candidate.  As  a  result  of  the  present 
studies  on  other  strong  acids  and  on  the 
super  acids,  .several  new  candidate  elec- 
tron-quenchant  species  are  now  available 
for  experiments  in  which  it  is  desired  to 
produce  effective  and  long-lasting  pertur¬ 
bations  of  the  local  ionospheric  electron 
densities.  It  is  interesting  that  these  new¬ 
ly  discovered  quenchants,  the  strong 
acids,  are  the  same  kinds  of  species  which 
are  known  to  constitute  the  terminal  nega¬ 
tive  ions  in  the  stratosphere.  The  vanish¬ 
ingly  small  concentrations  of  these  acids 
present  as  neutral  molecules  in  the  strato¬ 
sphere  rapidly  attach  any  free  electrons 
generated  in  this  region,  leading  to  forma¬ 
tion  of  the  predominant  negative  ion  spe¬ 
cies  and  reducing  the  free  electron  concen¬ 
trations  to  levels  below  those  existing  at 
any  higher  altitudes  in  the  earth’s  atmo¬ 
sphere. 

Space  Shuttle  Mass  Spectroscopy: 

Many  experiments  on  the  early  flight.^  of 
the  shuttle  w'ere  devoted  to  exploring  the 
nature  of  the  environment  around  the 
shuttle.  One  reason  for  these  experiments 
was  to  as.sess  the  suitability  of  the  shuttle 
environment  for  further  experimentation. 
As  an  example,  very  little  was  known 
about  how  degassing  of  shuttle  surfaces 
and  shuttle  operations  such  as  w'ater 
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(lumps  and  thruster  i'ifiiiffs  would  affect 
the  environment  and  the  scientific  experi¬ 
ments  in  tl'.e  sluittle  hay. 

The  Air  Force  Geophysics  Laboratory 
contributed  to  this  effort  by  flyinpr  a  mass 
spectrometer  on  the  fourth  flipfht  of  the 
shuttle  (STS-4)  in  the  summer  of  1982.  The 
instrument  measured  the  kinds  and 
amounts  of  neutral  and  ionic  jtases  in  the 
payload  bay.  The  shuttle  environment  was 
found  to  be  considerably  different  from 
the  natural  atmosphere.  A  summary  of 
early  results  can  be  found  in  the  1988  - 
1984  AFGL  Rcpfirt  on  Resenrch  (AFGL- 
TR-8.")-01i;i.  pp.  18-20). 

('ontinuinp'  analysis  of  the  STS-4  data 
has  provided  additional  information  about 
tl'.e  condition  of  the  shuttle  environment. 
As  reported  before,  water  vapor  due  to 
outtrassinjr  of  shuttle  surfaces  is  the  most 
concentrated  contaminant  species.  Be¬ 
cause  the  mass  spectrometer  can  detect 
both  neutral  jtas  molecules  and  ions,  wa¬ 
ter  concentrations  can  be  measured  in  two 
ways.  In  the  neutral  mode,  water  mole¬ 
cules  lead  directly  to  a  water  signal.  In 
addition,  charge  transfer  reactions  of  neu¬ 
tral  water  with  ambient  oxygen  ions  pro¬ 
duce  water  ions.  These  ions  can  be  de¬ 
tected  in  the  ion  mode.  Estimates  of  the 
water  concentration  made  from  both 
ty[)es  of  data  show  (jualitatively  the  same 
behavior.  Even  though  calculating  an  ab¬ 
solute  concentration  is  difficult,  the  two 
types  of  data  apjtear  to  bracket  the  actual 
concentration.  An  estimate  of  the  lower 
limit  for  the  water  column  density  at  the 
highest  water  signal  intensities  is  d  x  1()‘  ‘ 
cm  -. 

There  is  a  strong  correlation  between 
the  intensity  of  the  water  and  the  temper¬ 
ature  of  the  instrument  and  the  shuttle 
bay.  Increased  outgassing  rates  of  water 
absorbed  to  shuttle  surfaces  is  the  most 
likely  explanation.  The  water  concentra¬ 


tion  was  high  at  the  beginning  of  the 
flight  and  drojjped  to  near  the  instrument 
background  by  mid  flight.  This  drop  is 
attributed  entirely  to  the  corresponding 
drop  in  temperature. 

Interestingly,  water  dumjis  appear  to 
have  essentially  no  effect  on  the  water 
vapor  measurements  in  the  shuttle  bay. 
This  nuiy  be  due  to  scattering  of  water  off 
the  payload  bay  doors,  formation  of  ice 
crystals  rather  than  vapor  as  the  water 
leaves  the  dump  port,  or  good  collimation 
of  the  beam  of  water. 

Small  rocket  engines  called  vernier 
thrusters  are  used  during  shuttle  flights 
to  change  the  attitude  of  the  spacecraft. 
Large  changes  in  the  concentrations  of 
gases  in  the  payload  bay  due  to  these 
thruster  firings  were  rejiorted  in  the  last 
Roport  on  RtK'^c::rch  (APTjL-TR-8d-011d,  p. 
19).  P'urther  analysis  of  these  data  has 
shown  that  there  are  large  differences 
between  the  measured  comiiosition  chang¬ 
es  and  the  calculated  composition  of  the 
thruster  exhaust  plumes.  The  differences 
are  attributed  to  kinematic  effects  as  the 
exhaust  gases  collide  with  other  species  in 
the  environment.  Generally,  the  lighter 
exhaust  products  such  as  hydrogen  are 
more  easily  scattered  into  the  instrument 
than  the  heavier  gases,  and  are  nearly 
always  observed.  In  addition,  species  such 
as  helium  that  are  not  produced  by  the 
engines  but  which  are  present  in  the 
environment  can  be  scattered  into  the 
mass  spectrometer  as  a  result  of  collisions 
with  the  thruster  exhaust  gases. 

The  success  of  the  S'^S-d  mass  spec¬ 
trometer  experiment  prompted  a  number 
of  follow-on  programs.  The  list  of  new 
{irograms  includes:  (1)  a  second  flight  of 
essentially  the  same  instrument  with  the 
goal  of  again  measuring  the  shuttle  envi¬ 
ronment  (AFP-hT.o),  (2)  a  materials  evalua¬ 
tion  experiment  ti)  be  conducted  jointly 


with  N’ASA  (KOIM-III),  (.S)  an  engineering 
prototyiie  ami  seieiiee  payload  to  lie  flown 
free  of  the  shuttle  to  investigate  intertic- 
tions  hetween  tile  environment  and  spuce- 
eraft  lIMI’S-ll.  and  M)  a  freed'lying  satel¬ 
lite  that  wilt  measure  the  effects  of  chemi¬ 
cal  releases  in  low  earth  orhit  (CRFtKS). 
rnfortunately.  the  ex()losion  of  tlie  shut¬ 
tle  t'lialletiger  in  .lanuary.  11), ''(i,  has  de¬ 
layed  launcliing  these  new  experiments. 
All  four  of  tlu'se  programs  were  originally 
scheduled  for  launch  hetween  IDS)!  and 
IDSs,  It  now  seems  unlikely  that  any  of 
them  will  he  launchi'd  hefoi’e  1!),'^!).  Instru¬ 
ment  preparation  and  experiment  plan¬ 
ning  will  continue  in  the  interim  period. 

Stratospheric  Positive  Ion  Composi¬ 
tion:  Tlu  ■  ions  in  the  stratosphere  form  a 
very  weak  plasma  distinctly  different 
from  the  D-region,  where  electrons  liegin 
to  domintite  the  atmosjiheric  electric  pro¬ 
cesses.  Uven  though  the  ion  concentra¬ 
tions  in  the  stratosphere  are  only  1  part  in 
II)''  of  the  neutral  concentration,  the  low 
recortihintUion  rate  iietween  positive  and 
negative  ions  and  the  [iroton  affinities 
governing  ion-ion  reactions  result  in  a 
sitiuition  dominated  by  ion  chemical  reac¬ 
tions.  The  stratosfihere  thus  provides  a 
unique  natural  laboratory  to  study  ion 
reactions  not  easily  duplicated  on  the 
ground.  The  straiospheric  ion-measure¬ 
ments  program  has  yielded  the  first  meas¬ 
urements  of  stratos[)heric  ion  comfiosition 
in  the  I’nited  States.  Two  highly  success¬ 
ful  missions  were  conducted  on  June  l-J 
and  t)ctober  d.  IDSd,  from  Holloman  AFB, 
N'.M.  t  ixcelient  data  were  obtained  from 
both  flights,  which  includeil  seven  hours 
of  data  collection  in  the  altitude  regime 
from  til)  km  to  km  in  June,  using  an 
11.1)  million  cubic  foot  bidloon,  and  eight 
hours  between  21  km  and  41  km  in  f)cto- 
ber,  using  a  Id  million  cubic  foot  balloon. 


The  d;it;i  were  obtained  with  a  ([uadrupole 
ion  mtiss  spectrometer  pumped  with  an 
ultra  high  speed  vacuum  pump  cooled  by 
li(iuid  helium.  Because  this  tpiadrupole 
spectrometer  was  larger  than  any  other 
yet  flown  for  this  purpose,  data  on  posi¬ 
tive  ion  mass  distribution  was  accumulat- 
erl  for  ions  of  up  to  1000  atomic  mass  units 
(amu)  and  for  ions  present  in  concentra¬ 
tions  of  less  than  0.1  ion  per  cubic  centi¬ 
meter.  The  ion  distributions  have  both 
altitude  and  seasonal  dependence,  but  a 
rough  average  distribution  showed  0.1  per 
cent  of  the  p<j.sitive  ions  with  masses 
greater  tlum  ddo  amu.  1  percent  with 
masses  greater  than  JOO  amu,  and  10 
[lercent  with  masses  greater  than  IdO 
amu.  The  most  prominent  masses  ob¬ 
served  were  the  proton  hydrate  clusters  at 
trasses  J7,  dd.  ;uid  !)1  amu  (correspond¬ 
ing  to  clusters  of  2.  J,  4,  d  water  mole¬ 
cules.  respectively),  and  also  a  series  at 
00.  7S.  and  DO  amu.  The  high  resolution  of 
the  instrument  permittetl  measurements 
of  the  isotojtes  of  the  peaks  from  this 
latter  series,  which,  in  turn,  allowed  deter¬ 
mination  of  the  origin  of  these  [teaks  to  be 
traced  to  clusters  of  acetonitrile  (CH:(CN  - 
41  amu)  and  water  molecules  (IS  amu). 
Many  minor  peaks  were  also  observed  and 
are  still  under  investigation. 

Stratospheric  Neutral  Composition: 

Concern  over  potential  contributions  to 
the  catalytic  destruction  of  the  oxone  lay¬ 
er,  due  to  gaseous  emis.sion  from  various 
Air  Force  operations,  led  to  an  in-situ 
sam[)ling  program  conducted  with  2(1  bal¬ 
loon  flights  into  the  .stratos[)here  over  tlie 
ten  year  period,  197.d-1984.  The  program 
was  described  in  detail  in  the  1979-1980 
Report  on  Research  (AFGL-TR-82-()lJ2, 
[)[).  1(1-17)  and  a  summary  of  the  chlorine 
measurements  and  their  significance  ap- 
[)ears  in  the  1988-1984  Report  on  Research 


(AFGL-TR-8.j-()l l.'J,  pp.  17-18).  Sub.st‘(iiu'nt 
evaluation  of  the  measurements  of  oxides 
of  nitroj^en  indicated  values  hijjher  than 
those  generally  obtained  elsewhere,  but  in 
line  with  some  more  recent  model  predic¬ 
tions.  Thus,  because  of  hijrher  backj^round 
content,  Air  Force  emissions  of  oxides  of 
nitrotren  would  he  expected  to  have  rela¬ 
tively  less  effect  on  the  stratosphere. 

Stratos[)heric  bromine  is  postulated  to 
he  an  even  more  efficient  catalyst  than 
chlorine  in  the  destruction  of  stratospher¬ 
ic  ozone  .Althou^li  bromine  is  present  in 
the  stratosphere  at  sijrnificantly  U)wer 
concentrations  than  chlorine,  it  has  been 
used  in  a  fire  suppressant  on  .Air  P'orce 
aircraft.  During  the  balloon  flights,  inor¬ 
ganic  liromine  species  were  collected  coin- 
cidently  with  sam|)ling  of  the  acidic  and 
particulate  chlorine  species  in  the  lower 
stratosphere.  Bromine  content  was  deter¬ 
mined  by  neutron  activation  analysis.  The 
results  were  in  agreement  with,  and  filled 
gaps  in.  earlier  measurements  by  another 
group,  thus  indicating  that  stratospheric 
itromine  has  not  increa.sed,  measurably, 
over  the  approximately  seven  years  be¬ 
tween  the  two  .sets  of  observations.  In 
addition,  the  results  were  in  agreement 
with  one-dimensional  photochemical  model 
predictions. 

IONOSPHERIC  EFFECTS 

Large-scale  ionospheric  processes  such 
as  those  which  control  the  polar  cap,  the 
auroral  oval,  the  F-layer  trough,  and  the 
Appleton  Anomaly  structure  the  global 
ionosphere.  This  large-scale  structuring 
results  from  the  complex  interactions  of 
neutral  winds  and  ionospheric  plasma, 
plasma  drifts  driven  by  electric  fields,  ion 
chemistry,  and  particle  precipitation.  It 
affects  Air  h'orce  systems  operating  in  the 
rf  range.  Medium  and  small-scale  process¬ 


es  lead  to  the  formation  of  irregularities 
from  tens  of  kilometers  to  centimeters  in 
size,  as  observed,  for  example,  in  ecjuatori- 
al  electron  concentration  depletions,  in  the 
high-latitude  ionosphere,  and  in  polar-cap 
F-layer  auroras  and  patches.  These  medi¬ 
um  and  small-scale  irregularities  result 
from  various  plasma  instabilities  and  on 
some  occasions  from  localized  strong  par¬ 
ticle  precipitation  as.  for  example,  in  dis¬ 
crete  auroras.  They  affect  radio  itropaga- 
tion  in  the  freipiency  range  from  hf 
through  shf  and  are  therefore  of  impor¬ 
tance  to  -Air  P'orce  systems  from  the  high 
frequency  Over-the-Horizon-B  (OTH-B) 
Radar  to  the  satellite  communications  sys¬ 
tems  (AFSATCOM,  MILSATCOM)  operat¬ 
ing  over  the  whole  uhf  and  part  of  the  shf 
band.  The  same  physical  processes  are 
believed  to  drive  similar  effects  through 
ehf  frequencies  m  the  nuclear-disturbed 
ionosphere. 

Theoretical  efforts  during  this  report¬ 
ing  period  have  been  concerned  with  stud¬ 
ies  of  ionospheric  scintillation  generation, 
relating  ultraviolet  images  to  ionospheric 
densities  for  mapping  the  global  iono¬ 
sphere,  and  the  modeling  of  large-scale 
ionospheric  dynamics  with  special  empha¬ 
sis  on  the  polar  ionosphere. 

Experimental  efforts  in  the  reporting 
j)eriod  focused  on’  determining  the  trans¬ 
port  of  the  polar  ionosphere  by  using  a 
multiplicity  of  airborne,  ground-based, 
and  satellite  diagnostics;  motion  of  the 
polar,  auroral,  and  subauroral  ionosphere 
by  AFGL's  Airborne  Ionospheric  Observa¬ 
tory  (AIO),  a  modified  NKC-135  aircraft, 
in  support  of  OTH-B  testing;  investigation 
of  polar  F-layer  irregularities,  their  gener¬ 
ation,  dynamics  and  decay;  and  experi¬ 
ments  to  artificially  trace  disturbances  in 
the  ionosphere. 
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Project  PIIE:  A  coordimiled  rocket,  ra¬ 
dar.  jjround  and  aircraft  experiment.  Proj¬ 
ect  PIIE  (Polar  Ionospheric  Irrejiularities 
FIxperiment)  was  conducted  in  March, 
IDS;'),  from  Sondrestrom  AB,  Greenland. 
The  objectives  were  to  measure  the  de¬ 
tailed  (ilasma  and  field  parameters  associ¬ 
ated  with  a  [)olar  cap  F-layer  aurora,  and 
to  define  processes  which  lead  to  the 
p:eneration  of  ionospheric  irregularities 
within  this  type  of  aurora.  The  irregulari¬ 
ties  cause  severe  amplitude  and  pha.se 
fluctuations  (scintillation)  on  Command, 
Control,  and  Communication  satellite 
systems. 


POLAR  lONOSPHCntC  IRREGULARITIES  EXPERIMENTS 
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An  All  Sky  Imaging  Photometer  in¬ 
stalled  in  the  AFGL  Airborne  lonosiiheric 
Observatory  was  used  in  real-time  to  lo¬ 
cate  a  subvisual  arc  within  the  nominal 
rocket  trajectory.  When  a  suitable  arc  was 
detected,  the  launch  command  was  re¬ 
layed  to  the  ground  Launch  Control.  The 
rocket  payload  successfully  crossed 
through  the  polar  cap  arc  and  all  instru¬ 
ments  performed  as  [ilanned.  Intense  flux¬ 
es  of  low  energy  (less  than  200  eV)  elec¬ 
trons  defined  the  region  of  particle  precip¬ 
itation  (see  the  figure). 


Fdectron  density  and  temperature  and 
ion  composition  measurements  character¬ 
ized  the  study  of  the  plasma  environment 
within  the  arc.  These  measurements  were 
critical  to  verifying  a  numerical  auroral 
simulation  code  being  developed  to  model 
ionospheric  response  to  particle  fluxes. 

Ion  density  fluctuations  were  confined 
to  the  vicinity  of  the  arc  and  confirm 
irregularity  generation  in  this  area.  Anal¬ 
yses  of  these  data  are  continuing  to  identi¬ 
fy  plasma  instability  mechanisms  respon¬ 
sible  for  irregularity  generation. 

The  electric  field  instrument  provided 
the  first  three  component  electric  field 
measurements  within  a  polar  cap  aurora. 
These  have  been  used  in  a  model  calcula¬ 
tion  to  compute  the  electric  circuit  param¬ 
eters  associated  with  the  arc. 

Field-aligned  currents  computed  from 
the  electric  field  measurements  show  ex¬ 
cellent  agreement  with  those  estimated 
from  the  particle  fluxes.  The  combined 
measurements  confirm  that  polar  cap  arcs 
are  the  optical  signatures  of  plasma  flow 
reversals  and  field-aligned  currents  flow¬ 
ing  in  the  polar  cap  ionosphere.  The  large 
spatial  coverage  afforded  by  optical  imag¬ 
ing  will  provide  an  improved  specification 
of  two  dimensional  flow  in  the  polar  cap 
during  IMF  northward  conditions. 

To  quantitatively  study  the  source  re¬ 
gion  for  ionization  within  “patches”,  a 
theoretical  high  latitude /polar  cap  iono¬ 
spheric  F-region  model,  recently  devel¬ 
oped  at  AFGL,  was  used  to  calculate 
electron  density  profiles  as  a  function  of 
latitude  and  local  time.  Physical  processes 
included  in  the  model  are  ionization  pro¬ 
duction  by  solar  ultraviolet  radiation  and 
energetic  electron  precipitation,  loss 
through  charge  exchange  with  and  O2, 
and  transport  by  diffusion,  neutral  wind, 
and  horizontal  E  X  B  convection.  Under 
conditions  appropriate  for  patch  forma- 


tioii.  the  ionization  passinji;  over  Thule 
between  120(1  and  2000  CGLT  was  found 
to  be  produced  by  solar  extreme  ultravio¬ 
let  radiation  south  of  the  cusp  and  an 
additional  ionization  com|K)nent  due  to  the 
particle  precipitation  in  the  cusp.  A  com¬ 
parison  between  calculated  and  observed 
f  ,b’_.  values  at  Thule  at  1400  COLT  showed 
excellent  attreement.  The  theoretical  mod¬ 
el  allows  us  to  conclude  that  solar-()ro- 
duced  ionization  accounted  for  two-thirds 
of  the  total  peak  electron  density,  while 
production  by  enerttetic  particle  precipita¬ 
tion  accounted  for  one-third. 

Polar  Cap  Plasma  Characteristics:  Of 

special  sijinificance  to  Air  f’orce  systems 
is  an  ongoing  study  which  investigates  the 
structure  and  dynamic  processes  in  the 
polar  cap  ionosphere  with  emphasis  on 
determining  the  source  region  of  polar  cap 
plasma,  and  irregularity  generation  and 
transport.  The  severity  of  outages  in  Com¬ 
mand,  Control,  and  Communication  sys¬ 
tems  due  to  polar-cap  ionospheric  irregu¬ 
larities  is  also  being  assessed.  The  AFGL 
Airborne  Ionospheric  Observatory  (AIO) 
is  flown  to  specific  magnetic  latitude/ local 
time  locations  to  perform  radio  wave  and 
optical  sensing  of  ionospheric  parameters. 
These  measurements  are  coordinated  with 
observations  using  the  Sondrestrom  Inco¬ 
herent  Scatter  Radar  and  a  number  of 
satellites:  HILAT,  Dynamics  Explorer,  VI¬ 
KING,  DMSP,  AFSATCOM  and  GPS.  Ex¬ 
tended  periods  of  ground-based  observa¬ 
tions  by  the  AIO  instrumentation  provide 
a  supporting  multidiscipline  database.  The 
unified  description  of  polar  cap  F-layer 
structure  previously  discovered  using  the 
AFGL  AIO  has  been  further  confirmed 
and  refined. 

An  investigation  of  the  polar  cap  iono¬ 
sphere  near  the  peak  of  the  last  solar 
cycle  identified  polar  cap  F-layer  arcs  and 
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GfOKraphic  Latitude  of  Point  on  the  t'G 
.N'oon  Meridian  Just  South  of  the  Cusp  as  a 
Function  of  UT  (Top).  Composite  of  .411  f,,F_. 
.Measurements  Made  between  December  4 
and  U).  IDSd.  (Center).  (Solid  curve  shows 
LT  variation  of  fTL  in  candidate  source 
region  south  of  the  cusp,  as  predicted  from 
lONC.AP  median  model,  for  R,  =  .').o, 
December.  Ftr'W'm  curve  shows  f,,Fj  ront 
model  computation  of  local  itroduction.  solar 
KUV  and  particles,  with  corotation 
assumed.)  Solar  Depression  Anple  for  Thule, 
December  lo.  (Bottom) 

ionization  patches  as  unique  features  of 
the  polar  cap  ionosphere,  and  as  sources 
of  severe  scintillations  observed  on  250- 
MHz  .satellite  beacon  signals.  The  continu¬ 
ing  investigations  in  January  and  Decem¬ 
ber  1983,  and  January,  1984,  have  shown 
that  arcs  and  patches  persist  as  the  domi¬ 
nant  features  of  the  winter  polar-cap  iono¬ 
sphere  during  periods  of  low  sunspot 
numbers.  Improved  ionospheric  soundings 
made  at  Thule,  Greenland  (86"  CGL), 
starting  in  November,  1985,  showed  a 
clear  diurnal  variation  for  the  occurrence 
of  the  patch-type  ionization.  Discussion  of 
various  possible  mechanisms  producing 
the  observed  ionization  patches  leads  to 
the  conclusion  that  the  solar-produced  ion- 


Thule, Greenland 
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osphero  equatorward  of  the  dayside  cusp 
is  the  SviuiTO  rejrion  of  tho  hmi/ation 
patches  (see  the  figure).  Polar  plasma 
convection  transports  this  ionization 
across  the  cusj)  and  the  central  polar  cap. 
The  local  time  dependence  of  the  occur¬ 
rence  of  the  patches  at  Thuie  is  shown  to 
he  a  manifestation  of  the  widl-known  uni¬ 
versal  time  control  of  the  polar  caj)  F- 
repion.  Recent  analysis  has  shown  a 
Stroup'  positive  solar-cycle  de|)endence  of 
the  scintillations  measured  dtirinp  three 
extended  campaipns.  The  diurnal  varia¬ 
tion  (d’ scintillations  is  almost  flat  at  solar 
maximum  and  has  a  local  time  \'ariation 
very  similar  to  that  of  the  patch  type 
ionization  at  solar  minimum.  Both  arcs 
and  patches  contribute  to  substantial  scin¬ 
tillations  around  solar  maximum,  while 
only  the  patches  are  responsible  for  the 
considerably  weaker  scintillations  durinp 
solar  minimum. 

Coordinated  measurements  of  F-repion 
plasma  patches  were  conducted  on  Febru¬ 
ary  d-4,  19S4.  from  Thule  and  Sondres- 
tromfjord,  Creenland.  Optical,  ionosonde, 
amplitude  scintillation,  total  electron  con¬ 
tent  (TEC),  and  incoherent  scatter  radar 
measurements  were  combined  to  reveal 
several  new  aspects  of  the  structure  and 
transport  of  these  localized  repions  of 
enhanced  F-repion  ionization  shown  in  the 
fipure.  For  the  first  time,  these  patches 
were  directly  tracked  flowinp  in  the  anti- 
sunw'ard  direction  over  distances  of  dOOO 
km  from  the  center  of  the  polar  cap  to  the 
poleward  edpe  of  the  auroral  oval.  Quanti¬ 
tative  measurements  of  TEC  show  in¬ 
creases  of  10-ld  TEC  units  within  the 
patches,  above  a  backpround  polar  cap 
value  of  o  TBIC  units.  Amplitude  scintilla¬ 
tion  measurements  show  the  presence  of 
ionospheric  irrepularities  throuph  the  en¬ 
tire  patch,  with  a  weak  indication  of  stron- 
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ger  scintillation  on  the  trailing  (or  E  x  B 
unstable)  edge. 
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Schemiuic  Diajtrsim  of  Polar  Two-Cell 
Convection  Pattern  in  Corrected 
Geomagnetic  Gatitude/Local  Time 
Coordinates.  (The  locations  of  the  drift¬ 
measuring  stations.  Goose  Bay  (G)  and 
Qana<i  (Q),  are  indicated  by  dashed  circles. 
The  drift  direction  at  Goose  Bay  switches 
from  westerly  to  easterly  around  midnight, 
while  Qana((  observes  a  clockwise  rotation  in 
24  hours.) 


Polar  Plasma  Convection:  Satellite  and 
incoherent  scatter  radar  (ISR)  observa¬ 
tions  have  shown  the  existence  of  a  large 
ionospheric  plasma-convection  system 
which  affects  the  high-latitude  ionospher¬ 
ic  region  down  to  50"  corrected  geomag¬ 
netic  latitude  (CGL).  This  convection  oc¬ 
curs  generally  in  the  form  of  a  two-cell 
pattern  (see  the  figure)  with  plasma  flow¬ 
ing  antisunward  over  the  central  polar  cap 
and  returning  in  the  sunward  direction 
along  the  evening  and  morning  flanks  of 
the  auroral  oval.  The  source  of  this  plas¬ 
ma  convection  is  a  polar-cap  electric  poten¬ 
tial  generated  by  the  interaction  of  the 
solar  wind  with  the  magnetosphere.  The 


polar-cap  convection  is  of  high  imjiortance 
to  the  maintenance  of  the  polar-cap  ioniza¬ 
tion  (see  the  earlier  discu.ssion  of  polar-cap 
patches  and  their  IT  dependence)  and  the 
generation  of  the  midlatitude  trough.  The 
convection  is  also  irnjjurtant  to  the  genera¬ 
tion,  transformation,  and  distribution  of 
small-scale  irregularities  responsible  for 
scintillations  and  radar  clutter,  which  are 
detrimental  to  the  operation  of  radio  fre¬ 
quency  dependent  systems  operated  at 
mid  to  high  latitudes  by  the  .Air  P'orce. 

The  development  of  models  of  the  distri¬ 
bution  of  ionization  and  irregularities  re¬ 
quires  a  systematic  database  of  polar 
plasma  convection  and  its  dependence  on 
soiar/geophysical  parameters,  and  its  re¬ 
lation  to  resulting  ionospheric  phenomena. 
Since  satellite  measurements  provide  only 
snapshots  along  the  satellite  orbit,  and 
incoherent  scatter  radar  observations  are 
costly  and  limited  to  very  few  locations,  a 
new  technique  has  been  developed  by 
AFGL  and  the  University  of  Lowell  to 
produce  continuous  convection  data  using 
a  modern  digital  ionosonde,  Digisonde 
256. 

The  technique  is  based  on  the  reception 
of  ionospherically  reflected  pulse  trans¬ 
missions  with  a  spaced  seven-antenna  ar¬ 
ray.  The  complex  spectra  of  the  reflected 
signals,  measured  independently  on  each 
of  the  seven  antennas,  allow  the  determi¬ 
nation  of  the  reflection  locations  of  ener¬ 
gy  in  each  spectral  (Doppler)  line.  The 
resulting  sky  map  gives  reflection  loca¬ 
tions  with  the  respective  Doppler  informa¬ 
tion.  By  a  least-squares  fit,  a  matching 
squares  velocity  vector  is  determined. 

A  systematic  measurement  program, 
conducted  on  the  three  Regular  World 
Days  of  each  month,  was  initiated  at 
Goose  Bay,  Labrador  (65"  CGL)  in  Janu¬ 
ary,  1985,  and  at  Qanaq,  Greenland  (86" 
CGL),  and  Argentia,  Newfoundland  (58" 
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F-REGION  DRIFT 
OIGISONDE  OBSERVATIONS  AT  QANAQ,  GREENLAND 
30/31  JULY  1986  1600  TO  1600  CGLT 


K  Iti'iriiin  ['rift  Ol'Si'rvi'ii  at  (Janaci.  ( ir('cnlan<l.  (in  July  J0-;n.  1!)HU.  (The  straijcht  lines  indicate  the  antisunward 
directiim.  I.artri'  (ieviatiuns  are  ut'ten  asseciated  with  oh.servatiiins  of  ()olar  cap  P’-layer  arc  transitions.) 


('(ID,  in  N'ovomher,  The  data  in  the 
next  two  fijfures  show  rejiresentative 
samples  for  the  clockwise  rotation  of  the 
drift  vector  as  seen  at  Qanafp  and  the  180" 
direction  reversal  routinely  observed  at 
(loose  Kay.  These  observations  corre¬ 
spond  to  direction  chancres  to  be  expected 
from  the  simple  model  shown  in  the  previ¬ 
ous  figure  (dashed  circles  marked  Q  for 
Qanaii  and  (1  for  (loose  Bay).  This  new', 
low-cost  techni(|ue  will  provide,  for  select¬ 
ed  jieriods.  continuously  vital  information 
on  the  lartte-scale  plasma  trans[)ort  at 


high  latitudes.  Of  major  importance  to  the 
automation  of  the  drift  data  acquisition  is 
the  ARTIST  program  (Automatic  Real 
Time  lonogram  Scaler  with  True  height 
analysis)  developed  by  the  University  of 
Lowell  in  close  cooperation  with  the  Iono¬ 
spheric  Effects  Branch.  The  automatically 
identified  trace  of  the  overhead  ionogram 
is  used  to  guide  frequency-  and  height- 
gate  selection  for  the  automatic  drift 
measurements.  This  approach  has  been 
working  successfully  at  Qanaq  and  Ar- 
gentia  since  November,  1986. 
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K  Kt'jriDii  drift  (iliscrvod  at  Goose  Ffa.v  oii 
•laiiuar\  U-lo.  Utxd,  shows  switch  from 
westerly  to  ea.-  terly  drift  near  midnight. 

Auroral  Proton  Precipitation:  Al¬ 
though  the  predominant  source  of  ioniza¬ 
tion  in  the  continuous  (diffuse)  aurora  on 
a  global  basis  is  the  energetic  (primary) 
precipitating  electrons,  it  is  now  well- 
documented  that  the  precipitating  protons 
(and  H  atoms)  can  occasionally  produce 
ionization  comparable  to,  or  greater  than, 
that  produced  by  the  electrons.  A  recent 
study  of  the  nearly  coincident  Chatanika 
radar  electron  density  measurements  and 
NOAA-()  particle  data  revealed  that  within 
a  wide  latitudinal  range  between  64"  and 
67"  invariant,  a  continuous  (diffuse)  auro¬ 
ral  E-layer  with  a  peak  electron  density  of 
1-2  X  10  ’  cm  *  was  produced  entirely  by 
proton  precipitation. 

Several  years  ago,  the  Ionospheric 
Physics  Division  developed  a  transport- 
theoretic  method  which  leads  to  exact 
solutions  for  the  precipitating  proton  and 


H  atom  fluxes  and  the  energy  deposition 
rate  when  the  incident  proton  flux  is 
given.  Recently,  this  transport-theoretic 
proton  precipitation  code  was  upgraded  to 
include  calculations  of  the  electron  density 
j)rofile  and  the  energy  deposition  function, 
which  is  often  useful  in  performing  direct 
calculations  of  the  energy  deposition  rate 
and  the  ionization  rate.  The  transport- 
theoretic  code  was  used  to  analyze  the 
nearly  coincident  Chatanika  radar  data 
and  XOAA-6  particle  data,  and  excellent 
agreement  between  the  theoretical  results 
and  the  radar  data  for  the  shape  of  the 
electron  density  profile  and  for  the  loca¬ 
tion  of  its  peak  was  obtained.  To  the  best 
of  our  knowledge,  this  is  the  first  defini¬ 
tive  comparison  between  theory  and  ex¬ 
periment  for  a  pure  proton  aurora.  The 
radar  data  and  the  transport-theoretic  re¬ 
sults  were  also  compared  with  the  results 
obtained  using  the  semi-empirical  continu¬ 
ous  slowing  down  method  of  Rees.  The 
transport-theoretic  method  was  found  to 
be  a  more  complete,  and  relatively  more 
accurate,  description  of  the  proton-H  atom 
precipitation  than  the  method  of  Rees.  The 
exact  transport-theoretic  energy  deposi¬ 
tion  function,  when  compared  with  the  one 
constructed  and  used  by  Rees,  explains 
why  the  Rees  method  does  not  produce 
the  observed  electron  density  profiles. 

Solutions  of  the  Plasma  Kinetic  Equa¬ 
tion  With  Collisions:  In  laboratory  and 
space  plasmas,  discrete  particle  interac¬ 
tions  (collisions)  often  play  a  significant 
role  in  determining  the  characteristics  of 
the  plasma  waves.  Finding  an  exact  solu¬ 
tion  of  the  linearized  plasma  kinetic  equa¬ 
tion  when  collisions  are  included  is  a 
formidable  task.  Over  the  years,  studies 
of  collisional  effects  have  employed  meth¬ 
ods  of  solution  tailored  to  a  specific  model 
of  the  collision  operator.  Recently,  scien- 
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lists  ill  till'  lonosiiherii'  Ptiysics  Diiisioti 
jiavt'  ati  expansion  nietluKl  which  can  be 
used  to  lierive  the  collisional  plasma  di¬ 
electric  f'nnction  /’or  any  p'-iven  collision 
operator.  .Application  of  this  method  to 
solve  the  Halescn-Lenard-Poissvm  equa¬ 
tion  produced  a  closed-form  exiiression  for 
the  collisional  dielectric  function  to  the 
first  order  in  the  (lertinent  collisionality 
[)arameter,  where  all  tyjies  of  collisions 
(olvviron-vlvcXron.  electron-ion,  ion-elec- 
tron.  and  ion-ion)  in  a  fully  ionized  plasma 
were  included.  With  this  dielectric  func¬ 
tion.  scleral  aspects  of  the  collisional 
.  ffects  were  studied. 

Solving'  the  dispersion  relation  for  liip^h- 
freijuency  Patiyniuir  waves  in  the  lon^ 
wavelength  limit,  we  obtained  an  expres¬ 
sion  for  the  collisional  correction  to  the 
well-known  Liindau  formuhi.  A  laboratory 
experiment  to  check  this  result  is  current¬ 
ly  in  [iroyO’css. 

•A  closed-form  expression  for  the  elec¬ 
tron  density  fluctuation  spectrum  in  a 
weakly-collisional  electron-ion  jilasma  in 
thermodyiiiimic  equilibrium  was  derived, 
(’ompariny^  the  collisionless  and  the  colli¬ 
sional  results  for  the  fluctuation  spectra, 
we  found  that  the  electron-ion  collisions 
are  the  dominant  collisions  and  that  they 
enhance  density  fluctuations  near  zero 
frequency  and  near  the  ion-acoustic  fre¬ 
quency.  .A  confirmation  of  this  newly  pre¬ 
dicted  collisional  enhancement  of  the  den¬ 
sity  fluctuations  near  the  ion-acoustic  fre¬ 
quency  may  come  from  a  suitably  de¬ 
signed  incoherent  radar  scatter  measure¬ 
ment  of  ionospheric  electron  density  fluc¬ 
tuations. 

Solving:  the  dis[)ersion  relation  for  ion- 
acoustic  waves,  we  found  that  the  elec¬ 
tron-ion  collisions  have  a  destabilizin^t  ef¬ 
fect  on  the  ion-acoustic  vvavi's.  This  ex- 
[ilains  the  previously  mentioned  enhance¬ 
ment  of  the  density  fluctuations  near  the 


ion-acoustic  frequency.  A  more  exciting 
new  result  i.s  that,  when  T,,»T,,  the 
destabilizintr  effect  of  electron-ion  colli¬ 
sions  can  overcome  the  damping  effects, 
including  Landau  damping  and  ion-ion  col¬ 
lisional  damping,  and  drive  the  ion-acous¬ 
tic  wave  instability.  This  instability,  which 
can  be  excited  without  the  presence  of  any 
current,  will  provide  a  much  more  effi¬ 
cient  mechanism  for  energy  transfer  be¬ 
tween  electrons  and  ions  than  the  purely 
collisional  relaxation  mechanism.  If  there 
is  a  current,  the  destabilizing  effect  of 
electron-ion  collisions  will  have  an  impact 
on  the  estimate  of  the  amount  of  current 
necessary  for  the  ion-acoustic  instability 
in  a  weekly -collisional  plasma  such  as  the 
ionospheric  F-layer  plasma. 

AWS  and  OTH-B  Support;  Real-time 
actiuisition  of  ionospheric  data,  generally 
a  costly  requirement,  has  been  made  cost- 
efficient  through  the  development  of  digi¬ 
tal  ionospheric  sounders  supported  by 
AFGL  and  a  computer-based  Automatic 
Real  Time  lonogram  Scaler  with  True 
height  analysis  (ARTIST)  program.  Test¬ 
ing  of  the  quality  of  the  trace  identifica¬ 
tion  using  375  half-hourly  ionograms  from 
Argentia,  Newfoundland,  has  shown  that 
more  than  90  percent  of  the  automatically 
identified  traces  are  acceptable,  which  is 
an  excellent  result  in  view  of  the  proximi¬ 
ty  of  the  station  to  the  disturbed  polar 
ionosphere.  The  Air  Weather  Service,  with 
AFGL  support,  is  currently  procuring 
twenty  Digital  Ionospheric  Sounding  Sys¬ 
tems  (DISS),  which  implement  these  tech¬ 
niques,  for  deplovment  in  an  almost  global 
AWS-DLSS  net.  ' 

As  a  precursor  to  this  deployment, 
AFGL  has  facilitated  the  installation  of  an 
ionosonde  at  Argentia,  Newfoundland, 
where  it  is  operating  under  the  remote 
control  of  personnel  at  the  AF^GL  Goose 


Bay  lonosphecio  Ohservatory.  The  Argen- 
tia  and  Goose  Bay  ionosondes  are  essen¬ 
tial  ionospheric  soundinjj:  data  sources  for 
the  testinj>:,  as  well  as  the  day-to-day 
operation,  of  the  Over-the-Horizon  Back- 
scatter  Radar  (Hast  Coast  Radar  System), 
which  is  currently  beintt  deployed  in 
Maine.  To  speed  up  access  to  the  soundinjc 
data,  a  dial-up  ca()ahility  has  been  activat¬ 
ed,  which  permits  real-time  remote  data 
acquisition  from  the  Goose  Bay  and  Ar- 
^entia  ionosondes  by  the  AVVS  o{)erators 
at  the  OTH-B  radar,  and  by  AFGL.  This 
makes  it  possible  to  assist  AVVS  in  the 
interpretation  of  difficult  situations. 

The  fixture  is  an  e.xample  of  a  digital 
ionogram  received  at  AF'GL  via  telephone 
dial-up  of  the  Argentia  ARTIST.  The  iono- 
gram  shows  the  o-com[)onent  with  6-level 
amplitude  resolution  (letters  indicate  posi¬ 
tive,  numbers  negative,  Doppler),  the  x- 
component  (identified  by  x  only),  and 
obliciue  echoes  (identified  by  a  dot).  The 
automatically  identified  F-layer  o-echoes 
are  marked  by  a  =  sign.  The  ARTIST 
software  also  converts  the  ionogram  into 
a  true-height  electron  density  profile, 
which  is  shown  by  the  &  symbol. 

The  availability  of  real-time  ionospheric 
data  has  resulted  in  a  significant  improve¬ 
ment  in  short-term  ionospheric  prediction. 
Rapid  changes  in  f.F^,  the  plasma  fre¬ 
quency  at  the  maximum  of  the  P'-layer, 
greater  than  20  percent  per  hour  are 
routinely  observed  during  a  .3-4  hour  peri¬ 
od  around  F-region  sunrise  and  for  a  2-3 
hour  period  around  F"-region  sunset,  inde¬ 
pendent  of  the  phase  of  solar  activity 
cycle.  These  rapid  changes  in  F.F^  are 
usually  larger  around  sunrise  hours  than 
those  around  sunset  hours.  During  the 
solar  maximum,  hourly  changes  as  high 
as  .uO  percent  around  sunrise  and  .30  per¬ 
cent  around  sunset  have  been  observed. 


Dinilal  Idnojrram  Obtained  l)y  Telepiione 
Dial-up  .Service  from  .trfrentia. 

Newfoundlanii. 

These  rajtid  changes  require  improved 
short-term  f„F^  predictions  for  the  fre¬ 
quency  management  of  the  OTH-B  ra¬ 
dars.  The  scheme  using  real-time  hourly 
ionospheric  soundings  and  an  extrapola¬ 
tion  of  the  prior  four  day  average  hourly 
slope  was  found  to  be  satisfactory  for  the 
sunrise  predictions  of  f„F.2. 

Initially,  the  scheme  was  tested  using  a 
small  database  of  four  months  represent¬ 
ing  four  seasons,  high  and  low  solar 
activity  periods,  and  restricted  only  to 
sunrise  hours.  The  scheme  has  been  ex¬ 
panded  to  include  all  24  hours,  all  four 


st-asDiis  i;hi‘  wlioU'  year's,  llIKil))  and 
lew  (IdTii)  solar  aeti\ity).  usinj^  an  e\len- 
si\e  (.atabase  t'rnn)  the  hij^^h-latitude  innn- 
spherie  stations  at  St.  .lolins.  Ottawa,  and 
Winnipeg.  The  scheme  works  satisfactori¬ 
ly  for  all  conditions.  The  analysis  shows 
that  the  scheme  rtL‘(iuces  the  errors  in  f  ,F  . 
predictions  by  li)  percent  over  those  from 
the  IO.\('.\P  mod(‘l  during'  the  transition 
periods  of  sunrise  and  sunset  involvinj^ 
rapid  chanyres  in  f,K  lastinyr  over  the 
periods  of  :i- !  hours. 

F-Layer  Trough:  The  daytime  F-layer  at 
hieh  latitudes  is  found  to  under.u'o  e.\- 
troine  depletions  in  electron  density  as  a 
result  of  the  ionosjiheric  troU)j;h.  The 
troiipfi.  uhieh  is  produced  by  the  convi'c- 
tioii  of  ionospheric  phisma  driven  by  ma^^- 
nelosplu-ric  I'leetric  fields,  is  \isible  in 
routine  '.'ertical  i<mospheric  soundinj_ns  of 
f  F  .  .Mthoutrh  not  previously  recopnuzed, 
si^Miatiires  of  tile  trouyrh  are  raiiid  depiU"- 
tions  of  (dtH'tron  density  by  factors  of  2  to 
lit.  These  depletions  occur  in  the  diurntil 
distributions  measured  by  ^n'ound  stations 
as  tin  y  pass  ben  ‘ath  a  convection  patterti 
which  moves  throutrh  the  latitude  of  the 
station  with  local  time. 

The  effect  of  the  trough  is  seen  in  the 
daytime  h'-layer  at  I  ppsala.  Sweden  (dd.o" 
magnetic  latitude  (MFAT)).  as  the  shaded 
"bite-oiit  "  which  occurs  on  a  disturbed 
dav  (averaye  Kp  =  d)  as  compared  to  a 
quiet  day  laverayo'  Kji  =  0)  in  the  fijrure. 
The  onset  of  this  bite-out  corresponds  lo 
the  passage  of  [he  station  under  the 
ei|uatorward  edy:e  of  the  afternoon 
trolly  h. 

investiyation  of  tlie  trouyh  on  a  ylobal 
scale  appropriate  to  its  extent  reipiires  a 
ylobal  array  of  ionospheric  observatories. 
Since  no  smdi  array  exists  today,  the 
investiyator  has  had  to  resort  to  aridiived 
data  and  has  selecte(l  the  most  c(]mpleto 


LMT 


loiiMvpIi.pnr  Souinlin^rs  t’rmn  f  jjpsala. 

S\\. i-.li-if.  l’.»r  l>avs  Shuwin^r  that,  in 
( in  tin*  Pay.  ifu*  lJisiuriK‘<{ 

Pay  (  Prplniion  (slamii  sha»lt‘il) 

a."  a  lv**sull  nf  llir  (‘aylim** 

and  extensive  d:it;i  base  available,  that 
acijuired  duriny  tlie  KlY.  Duriny  lids 
[leriod,  forty-four  ionospheric  soundiny 
stiitions  wert  operatiny  at  latitudes  above 
dd"  MI, AT  in  the  northern  hemisphere, 
Reeordinys  were  simultaneously  made  at 
every  FT  hour  and  at  Id  minute  intervals 
on  world  dtiys.  The  month  of  December, 
IddS  (winter  sidstice  and  solar  maximum), 
has  b  en  the  most  thorouyhly  studied  to 
date. 

These  tirchived  measurements,  when 
examined  usiny  modern  insiyhts  and  coor- 
dimites  of  maynetic  latitude,  lonyitude 
(.MLON'd).  and  local  time  (MLT),  yield  a 
description  of  the  trouyh  for  the  first  time 
as  an  inteyral,  spatially  and  temporally 
continuous  entity  in  its  entire  extent  and 
FT  dunition. 

The  afternoon  trouyh.  as  characterized 
by  its  equatorward  edye,  is  detected  on 
e:ich  of  the  -‘il  d:ty.s  of  this  study.  It  is 
foumi  to  be  dependent  princijially  on  may¬ 
netic  activity  (Kp)  tiverayed  over  the  peri¬ 
od  of  a  day.  It  is  stjible  in  MF.AT/MLT  for 
as  lony  as  IT  hours  FT  ;tnd  shows  little 
ilependence  on  cluinyes  in  Kp  which  take 
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[ihtee  (iuriitfr  such  periods.  On  the  most 
(iisiurhed  duy,  the  trough  is  its  most 
extensive;  the  trough  boundary  extends  in 
ML.\T/MLT  from  To'VlORO  to  .ol'Vlb^O 
and  is  nearly  stationary  in  these  coordi¬ 
nates  for  a  duration  of  14.5  hours  UT  as 
observed  by  lb  stations  spanning  220" 
MLON'G.  The  figure  shows  this  most  dis¬ 
turbed  day  (on  the  left)  together  with 
three  other  days,  the  average  Kp  of  which 
decreases  from  left  to  right.  Note  that  as 
average  Kp  increases  from  quiet  to  dis¬ 
turbed  (to  the  right),  the  trough  rotates  to 
earlier  .MLT  (by  5.5  hours)  and  expands  to 
lower  latitudes  (by  20"  MLAT). 

Rotation  to  earlier  MLT  as  a  conse¬ 
quence  of  increased  activity  has  been 
indicated  by  a  number  of  studies  of  the 
convection  pattern.  In  addition,  the  trough 
boundaries  in  the  figure  tend  to  reverse 
direction  with  respect  to  the  noon-mid¬ 
night  meridian  between  lowest  latitude 
near  dusk  and  highest  latitude  near  mid¬ 
day.  In  this  respect,  they  resemble  convec¬ 
tion  contours  which  reverse  from  sunward 
to  anti-sunward  within  this  range.  The 
trough  in  the  daytime  has  been  observed 
by  incoherent  scatter  radar  to  lie  within  a 
region  where  convection  velocities  are 


greater  than  1  km  per  second.  According¬ 
ly,  the  trough  boundaries  shown  in  the 
figure  are  apparently  the  loci  of  convec¬ 
tion  contours  of  this  high  velocity. 

Pronounced  longitudinal  differences  oc¬ 
cur  in  the  daytime  trough  in  that  the 
afternoon  trough  predominates  in  eastern 
MLONG  but  the  morning  trough  predomi¬ 
nates  in  western  MLONG.  In  addition, 
near  midnight  large  longitudinal  differ¬ 
ences  occur  in  f„F;.  particularly  during 
quiet  times.  These  phenomena  are  under 
investigation  because  they  create  large 
differences  in  propagation  conditions  for 
OTH-B  radars  which  will  operate  in  these 
two  sectors. 

Because  the  archived  database  spans 
nearly  five  decades,  the  technique  of 
trough  investigation  described  here  prom¬ 
ises  to  provide  results  not  only  on  the 
longitudinal  effects,  but  also  on  seasonal, 
hemispheric,  and  solar  cycle  dependence 
as  well. 

Theoretical  Modeling  of  the  Iono¬ 
spheric  F  Region:  At  low  latitudes  near 
the  magnetic  equator,  vertical  E  x  B  drift 
is  the  primary  mechanism  for  transport¬ 
ing  plasma  in  a  direction  perpendicular  to 
magnetic  field  lines.  During  daytime 
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hours,  upward  K  x  H  drift  is  rt‘spoiisil)lo 
for  (.-reatint;  rrosls  in  ionization  on  either 
side  of  the  niap:netie  e(|uator  at  1 1  d  "  to  IS" 
dip  latitude,  produeine  the  so-called 
"eciualorial  anoinal\'."  Recent  tneasure- 
nients  of  (idOd  A  airpdow  intensity  and 
meridional  neuti’al  winds  hy  a  Fahry-Rerot 
interferometer  at  Are<(uipa.  Peru  (lli'S, 
71  W  jreoyraphii'.  .'i.2"S  dip  latitude),  how¬ 
ever,  itulicate  that  at  nijrlu,  neutral  winds 
may  sip:nificantly  affect  \ertical  plasma 
transport  even  down  to  o'  dip  latitude.  Thi‘ 
ohserwitioiis  re\'ealed  v\  idespread  areas  of 
airtrhm-  depletions  with  reiluctions  in  in- 
tensit\'  hy  factors  as  laroe  as  M  or  4.  Tliest* 
reductions  t'orrelated  well  with  larpre  in- 
crea.-'es  in  the  equatoi'war'l  (northward) 
wiml.  On  occasion,  tlu'  usually  small  me¬ 
ridional  wind  reached  a  velocity  of  100  m 
[ler  second  near  22oo  I,T,  lasting  1  to  2 
liours.  Comparison  with  modelinjj:  calcula¬ 
tions  shows  that  the  reductions  in  airtrlow 
intensity  result  from  an  upward  move¬ 
ment  of  the  ionosphere  alontr  the  inclined 
ma.u’iietic  field  lines  dri\en  hy  the  eijualor- 
ward  neutral  wind.  The  atrreement  with 
oliservations  is  excellent,  and  demon¬ 
strates  that  care  must  he  taken  in  assum- 
intr  that  vertical  F  ■  H  drift  is  the  only 
transport  process  capahle  of  lifting  or 
lowerinjr  the  equatorial  F-layer. 

In  another  low-latittide  study,  a  unique 
method  for  inferrintr  eijuatorial  field-line- 
integrated  electron  density  volumes  was 
demonstrated  usin^  ohserved  whistler  dis¬ 
persion  values.  .A  rocket  launched  from 
Runto  i>ohos,  near  I.ima,  Reru.  on  March 
21,  l!)S;i,  observed  liyditninji'-induced  whis¬ 
tler  trains  on  both  the  ujile^  and  downletr 
of  the  flight.  Model  calculations  of  the 
exiiected  whistler  dispersions  were  com¬ 
pared  with  the  ohserved  values  and  from 
this  com[iarison.  fairly  accurate  estimati's 
of  the  hottomside  FI  molecular  ion  densi¬ 
ties  could  he  obtained.  The  density  values 


were  too  low  to  he  observed  by  {jround- 
hased  coherent  scatter  radars  but  were 
hif^hly  variable.  This  “remote-soundiof; 
technique  was  used  to  measure  FI  rejtion 
densities  just  after  sunset  near  the  etjua- 
tor.  These  densities  may  vary  between 
1  X  10  *  and  2  x  10'  el/cm  '  and  arc  extreme¬ 
ly  important  in  determinintt  w’hether  equa¬ 
torial  plasma  instabilities  will  or  will  not 
occur. 

A  semi-empirical  low-latitude  ionospher¬ 
ic  model  (SLIM)  has  been  developed  joint¬ 
ly  at  .\F(iL  and  Boston  L'niversity  which 
[iroduces  F-rettion  electron  density  pro¬ 
files  more  (juickly  and  more  realistically 
than  presently  available  emj)irical  models. 
SLI.M  is  f^enerated  by  first  solving  the 
time-dei)endent  plasma  continuity  equa¬ 
tion  numerically,  which  produces  electron 
densities  from  180  to  2000  km,  every  2" 
dip  latitude  (24"N  to  24'’S  dip  latitude)  and 
every  half-hour  local  time  (over  the  24 
hour  day).  A  set  of  six  coefficients  at  each 
latitude/ local  time  position  is  then  found 
which  reproduces  the  theoretically  calcu¬ 
lated  |)rofiles.  The  coefficients  themselves 
com[)rise  SLIM  and  are  used  to  quickly 
regenerate  electron  density  profiles.  Nine 
SLIM  cases  have  been  produced  covering 
three  seasons  (equinox,  .June  solstice,  and 
December  solstice)  for  each  of  three  solar- 
cycle  activity  periods;  low,  moderate  and 
high,  corresponding,  respectively,  to 
0.7  cm  values  of  70.  12.'),  and  180.  In 
addition  to  electron  density  profiles,  SLIM 
also  provides  total  electron  content  values 
and  ()200  A  nighttime  airglow  intensities 
as  a  function  of  latitude  and  local  time. 
The  model  is  being  merged  with  the  Air 
Force  Ionospheric  Conductivity  and  Elec¬ 
tron  Density  (K'ED)  model,  which  is  pres¬ 
ently  operational  at  Air  Weather  Service. 

Evolution  of  Equatorial  Plasma  Deple¬ 
tions:  The  continuing  investigations  into 


the  origin  and  lifecycle  of  equatorial  plas¬ 
ma  depletions  has  led  to  the  re-inspection 
of  a  unique  data  set  collected  by  the 
AFGL  Airborne  Ionospheric  Observatory 
flying  in  the  South  Atlantic.  In  March, 
1979,  the  aircraft  conducted  this  unique 
e.xperiment  to  measure  the  plasma  charac¬ 
teristics  w’ithin  an  eastward  drifting  and 
decaying  plasma  depletion.  The  All  Sky- 
Imaging  Photometer  was  used  to  locate 
depletion  and  to  direct  the  aircraft 
through  a  series  of  east-west  cuts  through 
this  feature  as  the  entire  ionosphere  drift¬ 
ed  eastward. 
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Phase  Power  Spectra  for  the  Bubble  over 
Successive  Kast-west  Cuts  Labeled  l>egs  1. 

3,  and  b. 

Complex  signal  scintillation  observa¬ 
tions  of  this  isolated  and  decaying  equato¬ 
rial  plasma  bubble  show  evolution  of  ir¬ 
regularity  energy  over  a  broad  range  of 
scale  sizes  (see  the  figure).  At  wave¬ 
lengths  larger  than  about  4  km,  the  ener¬ 
gy  remains  nearly  constant  with  time.  At 
shorter  scale  sizes,  the  spectrum  main¬ 


tains  an  approximate  power  law  form  (f ") 
and  n  increases  with  time.  This  behavior 
suggests  that  the  effective  cross-field  dif¬ 
fusion  rate  in  the  F-region  depends  on 
scale  size.  Such  a  dependence  has  recently- 
been  predicted  theoretically  and  is  the 
result  of  magnetic  field-line  coupling  to 
the  E-layer. 

This  experiment  represents  the  first 
successful  measurement  of  the  temporal 
evolution  of  small-scale  irregularities  in 
the  disturbed  equatorial  ionosphere.  Re¬ 
sults  provide  needed  input  to  theoretical 
models  which  attempt  to  describe  this 
behavior. 

Equatorial  Ionospheric  Irregularities; 

Measurements  of  the  height  distribution 
of  irregularities  of  a  few  meters’  scale 
size  have  been  made  over  the  magnetic 
equator  by  the  high-pow-er  radars  at  Kwa- 
jalein  Island  and  Jicamarca,  Peru,  by  re¬ 
ceiving  the  coherently  returned  back-scat- 
ter  pow-er  from  irregularities  view-ed  in  a 
direction  perpendicular  to  the  earth’s 
magnetic  field.  These  measurements  have 
provided  the  ionospheric  community  w-ith 
the  bulk  of  the  available  evidence  on  the 
temporal  distribution  of  the  height  of 
irregularities  in  the  equatorial  plumes. 
However,  irregularities  of  only  a  few- 
meters’  scale  size  have  been  shown  to 
decay  much  faster  than  those  of  approxi¬ 
mately  1  km,  which  are  responsible  for 
amplitude  scintillation  observed  in  the 
100-2000  MHz  frequency  range  from 
transmissions  from  geostationary  satel¬ 
lites. 

At  a  solar-terrestrial  w-orkshop  held  in 
New  Delhi,  India,  in  1980,  AFGL  proposed 
that  a  satellite  beacon  ground  receiving 
station  network  located  in  India  be  used  to 
determine  the  height-time  dependence  of 
kilometer-scale  irregularities  and  wind 
shear  at  different  ionospheric  heights 
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over  the  inu^iietic  eijuator  on  a  continu¬ 
ous  basis.  Latitudinal  jjradients  of  total 
electron  content  (TF]C)  can  also  be  mea¬ 
sured  l>y  this  chain  of  monitoring  stations. 
The  gradients  in  TEC  can  be  used  to 
improve  high-frequency  communication 
predictions  as  well  as  to  provide  important 
insight  into  possible  mechanisms  responsi¬ 
ble  for  the  generation  of  equatorial  irreg¬ 
ularities. 

Polar  Cap  Total  Electron  Content: 

Measurements  of  TEA"  in  the  polar  cap 
from  Thule,  Creenland,  have  shown  that 
absolute  values  of  TEC,  obtained  during 
the  winter,  when  direct  solar  extreme 
ultraviolet  radiation  is  minimal  in  the  po¬ 
lar  cap,  are  greater  than  those  obtained 
from  Goose  Bay,  Labrador,  and  from 
Hamilton,  Massachusetts,  during  the 
same  period.  Overplots  of  diurnal  values 
of  TEC  from  Thule.  Goose  Bay,  and  Ham¬ 
ilton  for  an  eight  day  [leriod  in  January- 
Eebruary,  1984,  are  shown  in  the  figure. 
Note  that  the  maximum  TEC  values 
reached  from  Thule  exceeded  those  from 
either  Hamilton  or  Goose  Bay.  Not  only- 
are  the  absolute  TEC  values  higher  in  the 
dark  Thule  ionosphere  than  in  the  sunlit 
mid-latitudes,  but  the  variability  is  much 
higher. 

AFGL  scientists  suggested  in  1985  that 
plasma  is  convected  over  the  polar  cap,  by 
means  of  the  large-scale  electric  field 
structure  In  the  high-latitude  ionosphere, 
from  the  mid-latitude  afternoon  sector 
where  the  plasma  was  originally  generat¬ 
ed  by  solar  extreme  ultraviolet  radiation. 
Since  that  suggestion  was  made,  a  theo¬ 
retical  model  of  high-latitude  E-region 
electron  density  was  d“''e!oped  in  1986 
which  includes  the  effects  of  the  solar 
extreme  ultraviolet  radiation,  particle  pre¬ 
cipitation.  and  the  earth’s  corotation.  It 
was  recently  modified  to  include  the  con- 
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tribution  of  plasma  convected  into  the 
polar  cap  ionosphere  from  the  afternoon 
cusp  region.  The  TEC  values  obtained 
from  this  model  are  represented  by  the 
open  circles  in  the  Thule  portion  of  the 
figure  and  can  be  seen  to  approximate 
fairly  well  the  actual  TEC  observations 
during  the  magnetically  disturbed  days  of 
this  observation  period.  Because  of  the 


complexity  of  the  model  and  the  necessity 
to  follow  ionization  produced  elsewhere, 
which  is  then  convected  over  the  polar 
cap,  the  model  has  been  run  for  only  a  few 
representative  hours  for  comparison  with 
Thule  TEC  data.  However,  the  theoretical 
results  do  confirm  that  the  inclusion  of 
lower  latitude  ionization  convected  over 
the  polar  cap  can  produce  a  significant 
increase  above  the  quiet-day  TEC  in  the 
polar  cap  and  can  yield  values  comparable 
with  tho.'.e  high  TEC  values  actually  ob¬ 
served  from  Thule. 

ASCENSION  ISLAND 
FES  3.  1981 
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Three-minute  Data  Segment  of  Scintillations 
Obser\'ed  at  119.54.  1.541,  and  2.57  MHz  at 
Ascension  I.sland  and  Their  Respective 
Spectra. 


Global  Ionospheric  Scintillation:  Iono¬ 
spheric  scintillation  effects  encountered  in 
the  crest  of  the  equatorial  anomaly,  polar 


cap,  and  auroral  regions  have  been 
studied  to  provide  information  for  the 
design  and  evaluation  of  the  performance 
of  multifrequency  satellite  communication 
links  in  these  regions.  The  strength  of  the 
ionospheric  irregularities  and  their  motion 
control  the  scintillation  structure,  which 
needs  to  be  defined  for  a  successful  sys¬ 
tem  design.  AFGL  observations  indicate 
that  the  scintillation  effects  are  most  se¬ 
vere  in  the  equatorial  anomaly  region 
where,  during  sunspot  maximum  periods, 
the  amplitude  scintillations  of  satellite 
communication  links  at  1.5  GHz  have  of¬ 
ten  been  observed  to  exceed  the  30  dB 
dynamic  range  of  the  receiver.  The  magni¬ 
tude  of  severe  scintillations  and  their 
spectra  defining  the  scintillation  struc¬ 
tures  at  250  MHz,  1.5  GHz  and  4  GHz 
obtained  in  the  anomaly  region  are  illus¬ 
trated  in  the  figure.  Detailed  statistics  of 
phase  scintillations  and  phase  rates  for 
this  region  were  compiled  for  the  first 
time  in  1985-86.  The  phase  and  amplitude 
scintillation  effects  on  AFSATCOM  trans¬ 
missions  at  250  MHz  have  been  recorded 
in  the  polar  cap  and  auroral  regions. 
Information  regarding  the  magnitude  and 
the  structure  of  phase  and  amplitude  scin¬ 
tillations  in  the  polar  cap  and  auroral  oval 
has  been  compiled.  During  severe  distur¬ 
bances,  amplitude  scintillations  exceeding 
20  dB  and  phase  deviations  exceeding  12 
radians  at  250  MHz  are  encountered  in  the 
polar  cap  and  auroral  regions.  The  tempo¬ 
ral  structure  of  scintillations,  which  dic¬ 
tates  the  coherent  integration  time  of 
space-based  radar  systems,  is  found  to  be 
governed  primarily  by  the  strength  of  the 
irregularities  in  the  equatorial  region, 
whereas  at  high  latitudes  the  extreme 
variability  of  the  irregularity  movement  is 
the  major  factor. 

The  long-term  morphology  (1979-1984) 
of  intensity  scintillations  at  250  MHz  in 
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Thule  Intensity  Scintillation  Statistics  at  250  MHz  during  1SI79-1984. 


tho  polar  cap  shows  that  in  addition  to  the 
absence  of  diurnal  variation  of  scintilla¬ 
tions,  and  the  presence  of  an  annual  varia¬ 
tion  with  a  pronounced  minimum  during 
local  summer,  a  marked  solar  control  of 
scintillation  activity  exists.  Scintillations 
are  found  to  decrease  abruptly  when  the 
solar  activity  falls  below  a  threshold  level, 


as  shown  in  the  figure.  This  decreasing 
trend  of  scintillation  activity  has  been 
observed  to  continue  in  1986. 

Equatorial  Irregularities:  Important 
new  information  on  equatorial  F-region 
irregularities  associated  with  plasma  de¬ 
pletions,  or  “bubbles,”  became  available 
as  a  result  of  the  clustering  of  a  variety  of 
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JICAMARCA  MARCH  14,  1983  50  MHz  RADAR  BACKSCATTER 

1100  -  -  ■  ■  •  - - ^ - - -  -- 


Temporal  Variation  of  the  Range  and  Intensity  of  50  MHz  Radar  Backseatter  Observed  at  Jicamarca  (Top). 
Variation  of  the  Amplitude  Scintillation  index  (Sj)  of  1694  MHz  Signals  from  the  Geostationary  Satellite  GOES 
5  Recorded  at  Ancon  (Bottom). 


techniques  including  digital  sounder,  scin¬ 
tillation  and  radar  measurements  near  the 
magnetic  equator  in  Peru  in  conjunction 
with  two  F-region  rockets  launched  on 
March  1  and  14,  1983.  Analysis  of  this 
data  continued  during  the  reporting  peri¬ 
od.  The  full  complement  of  equatorial 
spread  F  phenomena,  namely,  the  occur¬ 
rence  of  bubbles  detected  by  the  rockets, 
3-m  plume  structures  detected  by  the 
Jicamarca  radar,  and  vhf/GHz  scintilla¬ 
tions,  were  recorded  on  both  these  eve¬ 
nings.  The  radar  backseatter  with  extend¬ 


ed  plumes  was  found  to  occur  in  associa¬ 
tion  with  maximum  1.7  GHz  scintillations 
as  shown  in  the  figure.  This  established 
that  the  height-integrated  rms  electron 
density  deviation  of  200  m  scale  irregulari¬ 
ties  causing  1.7  GHz  scintillations  maxi¬ 
mizes  in  extended  3  m  plume  structures. 
The  magnitude  of  1.7  GHz  scintillations 
recorded  at  high  elevation  angles  (^6°) 
near  the  magnetic  equator  did  not  exceed 
a  value  of  S4  =  0.2  (4  dB)  in  contrast  to  the 
near  saturated  1.5  GHz  scintillations  rou¬ 
tinely  observed  at  Ascension  Island  near 


the  crests  of  the  equatiX'iul  anomaly  of 
ionization  as  mentioned  earlier.  The  ob¬ 
served  scintillation  majrnitudes  at  1.7  GHz 
have,  however,  been  found  to  be  compati- 
Itle  with  the  ambient  F-rep:ion  electron 
density  and  the  irre,!jpilarity  parameters 
measured  by  the  rocket.  The  iri'epfularity 
drift  velocities  measureii  by  the  spaced 
receiver  scintillation  measurements  were 
in  general  ajirreement  with  the  radar  inter¬ 
ferometer  results,  indicating  that  both  the 
meter  and  hundred  meter  scale  irregulari¬ 
ties  convect  together, 

.\  distinct  class  of  etiuatorial  irrejiulari- 
ties  known  as  the  bottomside  sinusoidal 
(HSSi  type  litis  been  identified.  Unlike 
eipuitorial  bubbles,  these  irregularities  oc¬ 
cur  in  very  hirtte  patches,  sometimes  in 
excess  of  several  thousand  kilometers  in 
the  E;ist-VVest  direction  and  are  associated 
with  frequency  spread  on  iono^'rams. 
Scintillations  caused  by  such  irregularities 
exist  only  in  the  vhf  band,  exhibit  Fresnel 
oscilhitions  in  intensity  spectra,  providintt 
evidence  for  a  relatively  thin  irregularity 
layer,  and  persist  for  extremely  lonji  dura¬ 
tions  (as  much  as  several  hours)  without 
any  interruptions.  These  irreffularities 
maximize  during  solstices,  so  that  in  the 
vhf  ranjre,  scintillation  morphology  at  an 
equatorial  station  is  determined  by  consid¬ 
ering  occurrence  characteristics  of  both 
bubble  ty[)e  and  BSS  type  irregularities. 

Coordinated  Measurements  of  the 
Nightside  Auroral  Oval:  A  distinct  class 
of  subkilometer  high-latitude  irregulari¬ 
ties  has  been  identified  which  can  create 
localized  regions  of  near  saturated  vhf 
and  fairly  intense  uhf  scintillations  in  the 
nighttime  auroral  F-region.  The  unique 
feature  of  this  class  of  irregularities  is 
that  it  is  associated  not  with  large-scale 
(several  tens  of  kilometers)  organized  den¬ 
sity  gradients  in  the  F’-region,  such  as 


observed  at  the  edges  of  plasma  blobs,  but 
with  velocity  shears  with  shear  gradient 
scale  lengths  of  10  km.  The  presence  of 
velocity  shears  was  established  by  EIS- 
GAT  ion-drift  measurements  from  the  HI- 
l.AT  satellite.  The  relatively  high  power 
of  short -scale  irregularities  distinguishes 
this  class  of  irregularities,  which  are 
observed  to  cause  strong  uhf  scintillations 
in  the  aurora)  region  without  associated 
TEC  enhancements  (panel  B  of  the  figure) 
and  are  expected  to  be  sources  of  hf 
back.scatter.  Numerical  simulation  studies 
of  the  velocity-shear-driven  Kelvin-Helm- 
holtz  instability  in  the  F-region  conducted 
at  the  Naval  Research  Laboratory  recent¬ 
ly  show  good  agreement  with  the  density 
and  electric  field  spectra  observed  experi¬ 
mentally  with  HILAT  and  Dynamics  Exp- 
lorer-2. 

ionospheric  Modification  By  High 
Power  Radio  Waves:  The  characteristics 
of  self-focusing  instability  driven  by  high- 
power  high-frequency  radio  waves  were 
studied  by  performing  simultaneous 
radio-star  scintillations  and  enhanced  plas¬ 
ma  line-intensity  measurements  by  the 
uhf  radar  at  Arecibo  in  January,  1984.  As 
shown  in  the  figure  both  scintillation  and 
enhanced  plasma  line-intensity  fluctua¬ 
tions  could  be  detected  over  a  6  dB  width 
of  the  heater  beam  when  the  average 
power  density  in  the  F-region  was  ^50 
pWm  ”.  Considerable  East-West  asymme¬ 
try  in  the  spatial  structure  of  both  scintil¬ 
lations  and  plasma  line-intensity  fluctua¬ 
tions  was  observed.  Spectral  studies  of 
scintillations  indicated  an  erosion  of  short- 
scale  irregularities  as  the  irregularities 
were  convected  downstream.  Interesting 
changes  in  the  fading  characteristics  as 
the  heating  mode  was  switched  from  over- 
dense  to  underdense  were  also  observed. 
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Coordinated  EISCAT/HILAT  Measurements  Showing  Presence  of  Intense  VHF/UHF  Scintillations  in  the 
Absence  of  "Blobs,”  or  TEC  Structure,  but  in  Association  with  Velocity  Shears  in  the  F-region. 


During  March,  1984,  and  November, 
1985,  the  high  power  hf  heating  facility 
located  at  Ramfjordmoen  (69.6“N,  19.2“E 
geographic)  near  Tromso,  Norway,  was 
used  to  modify  the  ionospheric  F-region, 
and  experiments  were  performed  to  study 
the  generation  of  artificial  F-region  irreg¬ 
ularities  in  the  daytime  subauroral  envi¬ 
ronment.  For  the  experiments,  250  MHz 
transmissions  from  a  quasi-stationary  sat¬ 
ellite  were  received  at  the  Tromso  teleme¬ 
try  station.  The  fluctuations  of  intensity 
and  phase  of  these  transmissions  were 
analyzed  to  detect  the  presence  of  irregu¬ 
larities  of  F-region  electron  density 
caused  by  the  heater.  F-region  irregulari¬ 


ties  were  excited  in  the  daytime  subauro¬ 
ral  environment,  causing  3dB  fluctuations 
of  signal  intensity  at  the  250  MHz  trans¬ 
missions  of  the  quasi-stationary  satellite. 
Spectral  analysis  showed  the  excitation  of 
a  narrow  band  structure  corresponding  to 
approximately  750  m  scale  size.  Fresnel 
oscillations  in  both  the  phase  and  intensity 
spectra  provided  evidence  for  a  relatively 
thin  irregularity  layer. 

RF-Heating  Diagnostics:  Renewed  in¬ 
terest  in  the  effects  of  ionospheric  heating 
by  radio  frequency  energy  led  to  revisit¬ 
ing  a  data  set  collected  by  the  AFGL 
Airborne  Ionospheric  Observatory  during 
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Siiliinniisjihfrii'  Trucks  uf  Ruilin  Sources 
throujrh  llu'  Heated  Volume  on  .lunuary  2*i 
and  dl,  I!)S4.  (The  cross-hatched  areas 
indicate  rt'tfions  of  hf  enhanced  jdasnia  line 
echoes;  the  solid  blocks  indicate  regions  of 
4d0  MHr.  scintillations  having  a  relative 
power  fluctuation  >  o  percent.  The  breaks  in 
the  data  correspond  to  calibration  intervals. 

The  scintillations  usinK  l)Wl)4()()  were 
contaminated  by  radar  interference  and 
hence  are  not  shown.) 

heatinjr  experiments  conducted  at  the 
NOAA  RF  Heatinp:  Facility  at  Platteville, 
Colorado,  in  October.  1979.  Digital  iono- 
grams  obtained  onboard  the  aircraft  dur¬ 
ing  a  series  of  rf-heating  experiments 
showed  strong,  well-defined  backscatter 
traces  (see  the  figure)  which  changed 
location  within  the  ionogram,  as  well  as 
the  sign  of  the  Doppler  shift  of  the  back¬ 
scatter  signals,  depending  on  range  to  the 
heater  facility  and  the  direction  of  the 
flight  track  towards  or  away  from  the 
facility.  With  d-D  ray  tracing  simulation,  it 
was  possible  to  synthesize  the  observed 
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•Airborne  ionogram  taken  at  a  ground  ranjte 
of  :!7.A  km  to  the  heater  shows  0-  and  x- 
component  of  field-alittned  scatter.  (The 
simulated  traces  (O-componeiit  only!  result, 
if  field-alitrned  irrt^prularities  filling  a  vertical 
cidumn  at  d()()  and  400  km  ground  range 
from  the  aircraft  are  assumed.  The  numbers 
along  the  simulated  traces  indicate  the 
height  of  the  irregularities  contrihuting  to 
scatter  at  the  specified  ground  ranges.) 

echo  traces  and  to  infer  the  extent  of  the 
volume  filled  with  heater-induced  irregu¬ 
larities  to  ±100  km  extent  in  the  North- 
South  direction  (with  respect  to  the  heater 
location).  The  structured  region  had  a  well 
defined  northern  border,  and  a  height 
extent  from  the  bottom  of  the  F-layer  to 
at  lea.st  the  layer  maximum.  The  AFGL 
aircraft  has  been  used  to  define  heating 
effects  during  campaigns  with  the  Areci- 
bo,  Puerto  Rico,  and  EISCAT,  Norway, 
heating  facilities. 

Maximum  Entropy  Method:  Burg’s 
maximum  entropy  method  (MEM)  of  pow¬ 
er  spectral  estimation  has  been  exploited 
and  developed  intensively  at  AFGL  for  the 
last  ten  years.  Applications  at  AFGL  in¬ 
clude  magnetic  pulsations,  sunspot  num- 


bers,  auroral  indices,  ionospheric  phase 
and  amplitude  scintillations,  neutral  air 
densities,  charged  particle  velocity,  densi¬ 
ty  and  electric  field  measurements,  infra¬ 
red  molecular  spectrum  analysis  and  mass 
spectrometry. 

A 


B 
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Four  Successive  Spectra  Taken  from  Those 
Shown  on  the  F^revious  Kijture.  (MEM  (a) 
spectra  show  clearly  the  chatiffing  character 
of  the  spectrum  from  hatch  E58S  to  B41. 
Periodogram  spectra  (h)  of  the  same  data 
sets  are  overwhelmed  by  high  levels  of 
spectral  noise  inherent  in  the  periodogram 
method.) 

for  red  noise  processes  such  as  iono¬ 
spheric  amplitude  and  phase  scintillation, 
and  charged  particle  observations.  In  ex¬ 
tensive  studies  at  AFGL,  MEM  has  been 
shown  to  produce  spectra  which  are  opti¬ 
mally  smooth,  using  shorter  data  sets 
than  required  by  traditional  fast  Fourier 
transform  (FFT)  based  techniques.  The 
MEM  spectra  are  smoother  and  also 
display  greatly  increased  frequency  reso¬ 
lution.  If  the  underlying  physical  process 


Dynamic  MEM  (a)  and  Periodogram  (b) 

Power  Spectra  for  a  Set  of  Amplitude 
Scintillation  Data  Obtained  at  A.scension 
Island  from  the  MARISAT  Satellite.  (Each 
spectrum  used  361  observations  (10  sec),  and 
the  start  time  was  slipped  by  181 
observations  I'l  sec)  for  each  new  data  set. 

The  data  were  quiet  from  0-2  minutes, 
moderately  active  from  2  to  3.5  minutes,  and 
very  active  from  3.5  to  5  minutes. 

In  the  Ionospheric  Physics  Division  the 
emphasis  has  been  on  the  development  of 
smooth,  slowly  changing  power  spectra 


is  chanj^injr  with  time,  thou  liyiiamic  MEM 
spectra  display  iiioroased  time  resolution 
as  well.  The  figures  show  MEM  and  perio- 
do^ram  methods  applied  to  ionosphere 
scintillation  data.  The  basic  reason  for  the 
success  of  MEM  is  that  instead  of  makintr 
unrealistic  assumptions  about  the  behav¬ 
ior  of  the  time  series  or  of  the  autocorrela¬ 
tion  function  (ACT’)  outside  of  the  mea¬ 
surement  interval,  the  method  provides  a 
reasonable,  infinite  extension  of  the  ACE. 
The  Eourier  transform  of  the  infinitely 
extended  .\CF  is  the  MEM  spectrum.  Note 
that  because  of  the  nature  of  MEM  spec¬ 
tral  analysis,  there  is  absolutely  no  "spec¬ 
tral  leakage,"  which  [jlattues  PT’T  based 
teclmiipies  and  forces  the  use  of  artificial 
devici's  called  siiectral  windows.  There  is 
also  no  need  of  spectral  smoothing  be¬ 
cause  the  MEM  spectrum  is  optimally 
smooth.  Finally,  MEM  works  very  well 
with  much  shorter  data  sets  than  are 
re(iuired  by  traditional  FET  based  Fourier 
techni(iues. 
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Sn /}}■(}  n  rtinii  Ri  (J}()H 

.1.  (i“(<[)h>.-'  !fl  M  Kcitruan'  lltMJ) 

I'insmu  >1  rn  u  fit  f  inn  of  Ion  Acff  If  nation  i>y 
l.oiifr  ffyhriif  ltV//7.s'  in  tiw  Sn  pni  n  ron}  I 

Rffjion 

Afjl'  Munni^rapfi  '■'<>  ir.l^ri) 

R):ri'i:);K);.  -J.,AL  (Ifoston  Coll,,  Newton, 
.ALA);  .J  \s)'i;)t.s);,  .LR.  I.AFCL);  and 
Co  \N(;,  T.S.  (Massachusetts  Inst,  of 
Tech..  Cambrid;fe,  M.A) 

Thi  LussCom-  Rii/iulafion  }n  the 
Maqncti  ‘Sjifo  rt .  A  Ron  fif/n  np/jti/nr  Drserf pfion 
itf  Spacf  I'la.-inia.s  7,  IMS-li 

.ScfiKNKKi..  F.AV.,  ()<;())iZ.\i.);K.  B.S. 
(,A[)[)lied  Physics  Lab,.  Laurel,  MI)); 


L.Mtit.MtKK,  .I.C,,  LKHi..\Nr,  F.J.,  and 
Hi  i'K.\i.\N,  R.K.  (AFGL) 

fit nn'iolrf  Ihujtimv  Auroral  and  lonosphvru- 
hnoijmy  fnan  Sparc 
Appi.  Opl.  21  (lA  Ociftlior 

STi;(tt:is,  C.G. 

At niiisjihirir  Tmnsniiasiiin  in  the  Middle 
I  llninolel 

I'roc.  .Sl'IK  .'t(U)i  .\ii.  Ititcniat.  T<‘c)i.  .''ymp.  (\l-22 
Otsti) 


SwiUKtt,  W. 

li)>ii(  Miibilili/  !)/  the  Middle  Atmosphen’ 

.\itv.  Space  lies.  1  (l!tS4) 

Enhnneed  I'ltridlions  Ibr  Cheitiieu/  Rales  with 
I'lirrrse  Tempera! n re  Oepende/ieies;  App/ienlion 
In  Seasnaal  Aliatidanee  of  Mesaspherie  Sodium 
Oeeplivs.  Res.  la'tt.  12  (September  litH.a) 
Mesosjiheri''  Sodium:  Impliealions  I’.siuq  a 
Sleadi/'Sta  le  Model 
IManetury  and  Space  Sci.  24  (lOSO) 

Sodium  Sighlfilow:  Chemienllg  ludepeuden!  oj 
Sodium  Conten! 

.).  Oeophys.  Res.  !)1  (2(1  May  li)S(i) 

TH(.>m.\s,  T.F.  (Univ.  of  Mi.ssouri, 
Kansa.s  City.  MO);  Dale,  F.,  and 
P.M  (..stys,  j.F.  (AFGL) 

The  Rholodissoeiation  Speetrum  of  SO'. 

.1.  Cliem.  Rhys.  84  (1  February  1!I8(>) 


VlOOlANO,  A. A. 

The  Temperature  Depeudeuee  of  Ion  Molecule 
Assoeialion  Rale  Coef/ieienls  in  Ihe  Low 
I’ressure  Limit 

.1.  (  hem.  I’hys.  S4  (1  .lamiary  l!)8(i) 


Vkiciano,  A. A.,  Dark,  F.,  and 
PaI  l,S()N,  J.F. 

Measurements  of  Some  Stratospheric  Ion- 
Molecule  Association  Rates:  Implications  for 
Ion  Chemislrp  and  Derired  HS'O, 
Coneenlrations  in  Ihe  Stratosphere 
.1.  (leophys.  Res.  !•()  (20  Aufrust  1985) 

VdtaiiA.No,  A. A.,  Pai  i-son,  J.F.,  and 
Dark,  F. 

Reactions  of  H'(H,0)„  with  Polar  Molecules 
I’roc.  .N.ATO  .Summer  .School  on  Ion  ('hem.  (29 
.lime- 11  .luly  198(j) 
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Vi(;(iiAN(),  A. A.,  Pai  lson,  J.F.,  Dalk, 
F.,  Hknahman,  M.  (AFGL);  Adams, 
N.G.,  and  Smith,  D.  (Univ.  of 
Birmingham,  Birminj^ham,  Enjijland) 

/()»  C/ii’xmil ri/  and  f.'tcciron  Af/hiity  of  WF,, 
.1.  I’hys,  (Tu'ni.  S!l  (l!)Hr>) 


Wkhkr,  HJ.,  and  Bichac,  J. 

Ohscrmtions  of  f*htsnm  Structure  aud 
TruusfHtrt  (it  High  Lotifudcs  in  7'he  Polar 
( 

0(1.  by  .J.A.  H(tIU‘t  and  A.  Kjrland,  lb  Koido!  Pub. 

('(1.  (Uisrj) 


Wkhkk,  E.J.  (AFGL);  Tsi  xoda,  R.T. 
(SRI  Internal.,  Menlo  Park,  CA); 
BrcHAi  ,  J.  (AFGL);  Shkkha.v,  R.E. 
(Boston  Coll.,  Newton,  MA); 
Stricki.anii,  D.J.  (Computational 
Physics,  Inc.,  Annandale,  VA); 
Whitin'c;,  W.  (Regis  Coll.,  Weston, 
MA);  and  MoORK,  J.G.  (AFGL) 

Coordinated  .Veamiremcnls  of  Auroral  Zone 
Plasma  Enhanceme n Is 
J.  Geophy'-'.  90  (1  .July  19H5) 


Weber,  E.J.,  Keobuchar,  J.A., 

BfCHAU,  J.,  Careson,  H.C.  (AFGL); 
Livingston,  R.C.,  de  ea 
Beau.iaruiere,  0.,  MoCready,  M.  (SRI 
International,  Menlo  Park,  CA);  Moore, 
J.G.,  and  Bishop,  G.J.  (AFGL) 

Polar  Cap  F-Layer  Patehes:  Structure  and 
Dynamics 

J.  Gcophys.  Res.  91  (I  November  1986) 


PRESENTATIONS 

JANUARY,  1985  -  DECEMBER,  1986 


Anderson,  D.N. 

Calculated  Rayleigh-Taylor  Groicth  Rates  for 
Solar  Minimum  and  Solar  Maximum 
('onditions 

North  Am.  Radio  Sci.  Mlg..  V'ancouver.  Canada 
(l.'vlT  .June  198.')! 


Solar  Cycle  Dependence  of  Siglittime  East-West 
Plasma  Drift  Velocity  at  Low  [Altitudes 
.tor  Mlf;..  San  Eramisco.  CA  (812  Deeember 
1986) 

Anderson,  D.N.  (AF'GL);  Mendieeo, 

M.,  and  Herniter,  G.  (Boston  Univ., 
Boston,  MA) 

Total  Electron  Content  Maps  from  SLIM 
Inlernat.  Beacon  Satellite  .Symp..  Oulu.  Finland 
(O-l.’l  .June  1986) 


Anderson,  D.N.  (AF'GL);  Abrei  ,  V.J. 
(Univ.  of  Michigan,  Ann  .Arbor,  MI); 
Mendieeo,  M.,  and  Herniter,  B. 
(Boston  Univ.,  Boston,  MA) 

Calculated  and  Obserred  6.100  A  Equatorial 
Airy  low  lute  nsities 

AGE  Mt);..  San  Francisco.  CA  (9-12  December 
198.-)) 


ANDER.SON,  D.N.,  BUCHAE,  J.,  WeBER, 
E.J.,  and  Cari.son,  H.C. 

Calculated  and  Obserred  Wintertime  MMAXlFJ) 
Values  at  Thule 

Natl.  Radio  Sci.  Mt^.,  Boulder,  CO  'i:M6 
January  1986) 


Babcock,  L.M.,  Herd,  C.R.  (Louisiana 
St.  Univ.,  Baton  Rouge,  LA); 

VlGGlANO,  A. A.,  and  Pauuson,  J.F. 
(AFGL) 

Radiative  Stabiliiation  in  Ion-Molecule 
Addition  Reactions 

22rd  An.  Conf.  on  Mass  Spectrometry  and  Allied 
Topic.s,  San  Diego,  CA  (27-31  May  1985) 

Halide  Ion  Addition  to  BFj  and  BCl., 

10th  Internat.  Mas.s  Spectrometry  Conf., 

Swansea,  UK  (9-13  September  198.5) 


Baeeenthin,  J.O. 

Positive  Ion  Mass  Distribution  Between  J.9  KM 
and  .J8  KM  Altitude 

AGE  Mtg.,  San  Francisco,  CA  (9-13  December 
198.5) 

Ion  Composition  and  Structure  in  a  Sun- 

Aligned  Polar  Cap  Arc 

AGE  Mtg.,  Baltimore,  Ml)  (19-23  May  1986) 
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Bast,  B.  (Boston  Coll.,  N'owton,  MA); 
ami  Jaspkusk,  J.R.  (AFGL) 

l(>n-Aci>us(i('  Insfdhifitif  ni  a  Two-  TviHfJcmturv 
('olhsional  /^Idsnhi  Wif/hmf  Ant/  ('((nrnt 
APS  I>iv.  nf  Plasma  Ptivsirs  An.  Paltinion'. 

MP  (.X-T  N()Vt'tnli(*r 

Ion-Acoustic  Instohihti^  in  o  Weakly  ('otHsional 
Tico-Tcni  prrn  t  u  re  Phisn/a  Without  Any  ('unvnt 
.\Ct\  Sail  Francisco.  PA  (S-pJ  Pcccinhcr 

IDS*;) 

Basi  ,  B.  (Boston  Coll.,  N’owtou,  M.\); 
Jasi’kksk.  J.R.  (AFGL);  Robinson, 

R..\L,  \'oNi)i{AK.  R.R.,  ami  Evans,  L). 
(Lookhot'd,  i’alo  Alto,  GAl 

l.nnur  Transport  of  Aurorat  Proton  and  IT 
Atofu  /Precipitation:  .1  ( 'o/n/ia rison  with 
Ofiscrrafions 

A(ir  Mttr..  San  Francisco.  ('A  iD-pi  Pectanher 
I 

Basi  ,  S.  (.\FGL);  and  Basi  ,  Sr. 
(Emmanuel  Coll.,  Boston,  MA) 

Iml/ici'il  hi/  HF  flt'iihiif/  nt 
Miiiiili'  unit  Siihitni-iii-(il  Ldtitudex 
Nall.  Kiidlii  SO,  Mtu:,.  BouldtT.  CO  (Bi-Ui 
.laiuiary  lOsti) 

Basc.  S.  (AFGL):  Baso,  Sr. 

(Emmanuel  Coll.,  Boston,  MA);  ami 
Coi.KV,  W.R.  (Univ.  of  Texas, 
Richardson,  TX) 

Tcnijiiinil  Sfnictiirc  of  SiitcUiti'  Sif/iitils  on 
(iroiiiid  Hill/  S/Ki/iiil  Stnii'tiirrs  of  Detixili/  nnd 
Vi-liH'i/ii  m  the  /orios/ihere  at  the  Crest  of  the 
Fi/iiiitoriiil  .1  nii/nali/ 

.AOr  Mtc..  BaltimorV.  MD  (10-2:i  May  lilSO) 

Basi  ,  S.  (AFGL):  B.\sr,  Sr. 

(Emmanuel  Coll.,  Boston,  MA);  and 
Sri./.Kk,  M.P.  (Arecil)o  Ohs.,  N.AIC, 
Areciho,  f’R) 

Snntitfaneous  /Pfnsinn  lane  and  l/adio  Star 
Scintillation  < jhserrat ions  at  Arecibo  During 
fonosphenr  .\T>di/irafioh  by  ///•'  Wares 
Sym{).  tin  fonosfihcrc  Modification  l»y  Power 
Kaditi  W'avr.si.  Moscfcv,  I'SSK  (S-]i!  ScjitemlnT 

Basi  ,  Sr.  (Emmanuel  Coll.,  Boston, 

■MA):  Basi  S.,  Cabi,son,  H.C.  (AFGL); 


and  Sti  huk,  P.  (MPl  fur  Aeronomie, 
Lindau,  FRG) 

(leneratioii  of  lonos/iherie  Irregu/mities  at 
Siib-Aiirorii/  lAititudes  Caused  by  Hif/h  Poieer 
Radio  (I  Vi  ('('.s' 

Syinp.  1)11  lonosplKTc  Modification  liy  Power 
Kailio  Waves,  .Vloscow,  I'S.SK  (X-12  Septenilier 
PISlil 


Basi  ,  Sr.,  Costa,  E.  (Emmanuel  Coll., 
Boston,  MA);  B.\si\  Santimav, 

P\)t CKitK,  P.F.  (AFGL);  Coi.ky,  W.R., 
and  Hkki.is,  R.A.  (Univ.  of  Texas, 
Richardson,  TX) 

Coiiiparisoii  of  Sixieed  Reeeirer  Drift 
Measiireiiieiits  at  High  Latitudes  leit/i 
Coiireetioii  Fatteriis  Den  red  from  DK-J 
Natl  Radio  Sci.  Mlj;..  Boulder.  CO  (Bi-lli 
•lamiary  IDSti) 

Bast  ,  Sr.,  M.ArKKNZiK,  E.  (Emmanuel 
Coll.,  Bo.ston,  MA):  Basc,  Santimay, 
Hakiiv,  D.H.,  Rich,  F.J.,  and 

Ki.oBfCHAR,  J.A.  (AFGL) 

Morphology  of  Seiiilillation  'TKC.  Exospherie 
Density  and  Rarlirle  Precipitation  in  the 
Aiiro  ra  I  lo  n  os phere 

.\t:r  Mlt:..  Baltimore.  Ml)  (li)-'2:l  May  1980 

B. Asr,  S.  (AFGL);  Basc,  Sr. 

(Emmanuel  Coll.,  Boston,  MA);  Col.KY, 
W.R.,  Hkklis,  R.A.  (Univ.  of  Texas, 
Richardson,  TX);  Carlson,  H.C., 
Maynard,  N.  (AFGL):  and  Lin,  C.S. 
(Southwest  Research  Inst.,  San 
Antonio,  TX) 

Density  and  Eleetrie  Field  Turbutenee  in  the 
Dnyside  Cusp  and  Winter  Polar  C'ap 
I.Ati.A  Mttr..  Prague.  O.echoslovaltia  (4-12  August 
lilS.')) 

Basi  ,  S.,  (AFGL);  Basl,  Sr. 

(himmanuel  Coll..  Boston,  MA);  Sknior, 

C.  (('NET/CRPE,  Saint-Maur-des- 
F'osses,  France);  Carl.son,  H.C., 

Hardy,  D.H..  Rich,  F.J.  (AFGL);  and 
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E.  (Max  Planck  Institut  fiir 
Aeronomie  Katlenburg-Lindau,  FRG) 
HILAT'EISCAT/STARE  Case  Study  of  F-Region 
Irregularities  in  the  Sighttime  Auroral  Oral 
lAGA  Mtj;.,  Prajrue,  Czechoslovakia  (4-12  August 
lilSo) 

Basc,  Sc.,  McKenzie,  E.  (Emmanuel 
Coll.,  Boston,  MA);  Base,  S., 

Maynard,  N.,  Foccere,  P.F.  (AFGL); 
Coley,  W.R.,  Heelis,  R.A.,  Hanson, 
VV.B.  (Univ.  of  Texas,  Dallas,  TX); 
Winninc.ha.m,  J.D.,  Lin,  C.S. 

(Southwest  Research  Inst.,  TX);  Hoegy, 
VV.R.,  and  Ledley,  B.G.  (Goddard 
Space  Flight  Ctr.,  Greenbelt,  MD) 
Simultaneous  Density  and  Eleetrie  Field 
Fluctuation  Spectra  Associated  leith  Velocity 
Shears  in  the  Auroral  Oral 
AGC  Mlg.,  Sail  Francisco,  CA  (S-12  December 
19S(i) 

Carlson,  H.C. 

Constraints  by  Aeronomy  on  the  Plasma 
Physics  rij  HF  Heater  Accelerated  Electrons 
Natl.  Radio  Sei.  Mtg.,  Boulder,  CO  (12-16 
January  1986) 

Equinor  Transition  Study  (ETS) 

Internat.  Symp.  on  Large-Scale  Processes  in  the 
Ionospheric-Thermospheric  System,  Boulder.  CO 
(2-.T  December  1986) 


Carlson,  H.C.  (AFGL);  Oliver,  W., 
and  Salah,  J.  (Haystack  Obs., 
Westford,  MA) 

Initial  Results  from  the  September  I98i  ETS 
Campaign 

Internat.  Symp.  on  Large-Scale  Processes  in  the 
Ionospheric-Thermospheric  System,  Boulder,  CO 
(2-.'i  December  1986) 

Cardson,  H.C.,  Weber,  E.J.,  Blciiac, 
J.,  and  Ander.son,  D.N. 

Polar  Ionospheric  W-.^ther 

Internat.  Symp,  on  Large-Scale  Proce.sses  in  the 
Ionospheric-Thermospheric  System,  Boulder,  CO 
(2-6  December  1986) 


Costa,  E.  (Emmanuel  Coll.,  Boston, 
MA),  and  Foi  geke,  P.F.  (AF'GL) 

Spaced  Receirer  Analysis  in  the  Spectral 
Domain 

Natl.  Radio  Sci.  Mtg..  Boulder,  CO  (12-16 
January  1986) 


Costa,  E.,  Base,  Se.  (Emmanuel  Coll., 
Boston,  MA);  and  Foe(;ere,  P.F. 
(AFGL) 

MEM  and  FFT  Analysis  of  High-Latitude 
Spaeed-Reeeirer  Measu  remenis 
DNA  HILAT  Mtg.,  Washington.  DC  (7-8  May 
198.6);  North  Am.  Radio  Sci.  Mtg,  and  Internat. 
lEEE/.AP-S  Symp.,  Vancouver.  Canada  (17-21 
June  198,5) 


Costa,  E.  (Emmanuel  Coll.,  Boston, 
MA);  Foegeue,  P.F.  (AFGL);  and 
Base,  Sil  (Emmanuel  Coll.,  Boston, 

MA) 

Spaeed-Reeeirer  Analysis  of  Intensity  and 

Phase  Scintillation  Data 

North  Am.  Radio  Sci  Mtg..  and  Internat.  lEKEt 

AP-S  Symp..  Vancouver.  Canada  (17-21  June 

198.5) 

Crew,  G.B.  (Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA);  Retterer,  J.M. 
(Boston  Coll,  Newton,  MA);  Chang, 

T.S.  (Massachusetts  Inst,  of  Tech., 
Cambridge,  MA);  and  Jasperse,  J.R. 
(AFGL) 

The  Modeling  of  Ion  Acceleration  by  Electro¬ 
magnetic  Ion  Cyclotron  Resonance 
AGE  Mtg.,  Baltimore.  MD  (19-22  May  1986) 

Dandekar,  B.S. 

Improring  foFJ  Predictions  for  Sunrise  Hours 
AGE  Mtg,,  Baltimore,  MD  (27-21  May  198.5) 


Deakyne,  C.A.  (AFGL);  and  MeotNer, 
M.  (Natl.  Bureau  of  Standards, 
Gaithersburg,  MD) 

A  Molecular  Orbital  Study  of  t\H J„(HCS)„H' 
Cluster  Ions 

191st  Natl.  Mtg.  of  the  Am.  Chem.  Soc.,  New 
York,  NY  (12-18  April  1986) 


Dkckkk,  D.T.  (Boston  Coll,,  Newton, 
MA):  and  Jaspkhsk,  J.R.  (AFGL) 

Modiiiiig  the  Midliitiliidf  Diu/timv  Airglotr  and 
Etrctrun  Di’n.tili/  I’ro/ilc:  .4  Paiamcl  ')■  Study 
At!l  BaUimort',  MI*  (nt-23  May  U)S(i) 

Dkckkk.  D.T.  (Boston  Coll.,  Newton, 
MAI;  Jaskkrsk,  J.R.  (AFGU;  Kozvha, 
J.l'..  Nac.v,  A.F.  (Univ.  of  Michigan, 
Ann  Arbor,  MI);  and  VVi.nninc.ham, 

J.D.  (Southwest  Res.,  San  Antonio,  TX) 
Madt'Hny  Etii  rgi-tic  Ii»iosf)hi'nc  Pholaricct runs 
.\(>r  Mt>r.,  San  Francist'o.  C.\  (S-12  December 
IKsr.) 


Dkntamako,  A.V.,  and  K.atayama, 

D.H. 

Cutli.-aau  ludui'fd  Electronic  Transitions  in  a 
Daitaniir  Molecule  If.  Theoretical 
Intrrp  retalions 

.Jiiint  Div.  Mtjr.  (it'  .Airi,  Phy.i;.  Soc..  KuKene,  OR 
1 1  ''-ItO  -June 


F’oroKKK,  P,F. 

Ma.rin/un/  Entropy  Spertrum  Analysis:  .4 
K<-rieir  of  Tiro  Ej'treine  ('uses.  1.  Xarroir  Band 
Processes  irith  Very  fiiyh  Signal  to  Xoise 
Ratio,  d.  Broadband-Red  Xoise  Processes 
Inter.iat.  Wk.shp.  iin  Data  Rroce.ssirifr,  Cnlaba, 
Bomliay.  India  (February  UtS.j) 

Apylieation  of  Ma.ri>nutn  Entropy  Spectrum 
Estimation  to  Air  Force  Problems 
Third  .ASSB  Spectrum  E.itimation  VVkshp., 

[iiistun.  .M.A  (Xii\eml)er  UtSbl 


Hk.vchma.v,  M.J. 

What  Can  One  Learn  from  Studying  the 
Reactions  of  Selertirely  Solrated  lonsf 
isbth  .Am.  ('hem.  Sue.  Natl.  Mt^t.,  .Miami.  FL  (2S 
.April  s  May  IbS.A) 

Should  One  Esc  the  Arerage-Dipole  Orientation 
Theory  or  the  Adiabatic  Capture  Centrifugal 
Sudden  Approximation  Theory  for  Predicting 
the  Rate  Constants  of  Ion-Molecule  Reaction  I 
Seventh  Ka.st  Cna.st  ICR  and  Inn  Chemistry  Mtg.. 
Newark.  I)K  (lb  Octotier  IbSa) 

The  Chemistry  of  Caseous  Ions 

hriithertmi  Research  la'Ctures.  l,eeds.  CK  (2-l.A 

February  lOStb 

Cns  Phase  Approai'hes  to  Biochemistry:  The 
fin-redilile  Story  of  I'O . 

Knit.  Ilf  Rirmintrham.  KK.  Collni).  Ill)  Fetiruary 
IDSb) 


Reaetirity  as  a  Function  of  Solration  Xumber 
l!)lst  .Am.  Chem.  Soc.  Natl.  Mt^.,  New  York,  NY 
(ia-17  April  1986) 


Hknch.man,  M.J.  (AFGL);  Hierl,  P.M. 
(Univ.  of  Kansas,  Lawrence,  KS);  and 
Paulson,  J.F.  (AFGL) 

Xuclcophilic  Displacement  in  the  Gas  Phase  as 
a  Function  of  Temperature,  Translational 
Energy  and  Solration  Xumber 
I!)0th  .Mttr.  of  the  Am,  Chem,  Soc.,  Chicafto,  IL 
(8-lS  .September  198.A) 


Henchman,  M.J.,  Vicgiano,  A. A., 

P.Ai  i.s()N’,  J.F.  (AFGL):  Hierl,  P.M., 
and  Ahre.ns,  A.F.  (Univ.  of  Kansas, 
Lawrence,  KS) 

Reaetirity  of  Ionic  Clusters  as  a  Function  of 
Temperature  and  Cluster  Size 
(jordon  Research  Conf..  Plymouth.  NH  (12-16 
.August  1985) 


Hierl,  P.M.,  Ahrens,  A.F.  (Univ.  of 
Kansas,  Lawrence,  KS);  Henchman, 
M.J.,  ViGGiANo,  A. A.,  and  Paulson, 
J.F.  (AFGL) 

Rate  Constants  and  Product  Distributions  as 
Functions  of  Temperature  for  the  Reaction  of 
0H(H,0)  with  CH/rX 
8th  Rocky  Mountain  Regional  Mtg.  of  ACS, 
Denver,  CO  (9-12  .June  1986) 


Hierl,  P.M.  (Univ.  of  Kansas, 
Lawrence,  KS);  Henchman,  M.J., 
Viggia.no,  A.A.  (AFGL);  Ahrens,  A.F. 
(Univ.  of  Kansas,  Lawrence,  KS);  and 
Pauuson,  J.F’.  (AFGL) 

Effects  of  Temperature  and  Reactant  Solration 
upon  the  Rates  of  Ion -Molecule  Reactions 
Tlrd  An.  Conf.  on  Mass  Spectrometry  and  Allied 
Topics.  San  Diego,  CA  (27-31  May  1985) 

How  Does  Solration  Affect  Reaetirity  I 
Internat.  Conf.  on  Chem.  Kinetics,  Gaithersburg, 
MI)  (17-19  .June  1985) 
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Hiffman',  R.E. 

Ultraviolet  Aurora  from  Space 
Space  Sci.  Sem.,  Boston,  MA  (25  October  1985): 
lAG.A  Conf..  Prague,  Czechoslovakia  (7-14 
-Augu.st  1985) 

Introduction  to  Ultraviolet  Radiation/Tutorial 
Presentation 

SPIE  Conf.  on  Optical  and  Optoelectronic  Applied 
Sciences  and  Engineering,  San  Diego,  CA  (17-22 
■August  1980) 

Hcffman,  R.E,  (AFGL):  Conway,  R.R., 
and  Meier,  R.R.  (Naval  Research  Lab., 
Washington,  DC) 

S-/-4  Satellite  Observations  of  the  01  Ib.UA 

Airgloiv:  Implications  for  the  I.nlitudinal 

I'nriaOon  /it'  4t'ii>i)c  Ornaen 

AOU  Mtg  ,  San  Francisco.  CA  (S  12  Dccetidier 

1980) 


Hcffman,  R.E.  (AFCL);  Ishpcto.  M., 
and  Meno,  C.  I.  (The  Johns  I.-.rKins 
Univ.,  Laurel,  MD) 

Auroral  Morphological  Analysis  of  Far  and 
Sear  UV  Spectra 

.4GU  Mtg.,  San  Francisco.  C.A  (8-12  December 
1986) 


Huffman,  R.E.,  Larrabee,  J.C.,  and 
Leblanc,  F.J. 

Ultraviolet  Limb  Radiance  Measurements  from 
Shuttle 

AGU  Mtg,,  San  Francisco,  CA  (9-13  December 
1985) 


Huffman,  R.E.,  Larrabee,  J.C., 
DelGreco,  F.P.  (AFGL);  Meng,  C.-L, 
ScHENKEL,  F.W.,  and  Ogorzalek,  B.S. 
(The  Johns  Hopkins  Univ.,  Laurel,  MD) 
Ultraviolet  and  Visible  Atmospheric  Imaging 
Experiment  Onboard  the  Polar  Bear  Satellite 
AGU  Mtg.,  San  Francisco,  CA  (8-12  December 
1986) 


Hunton,  D.E.,  SwiDER,  W.  (AFGL); 
and  Calo,  J.M.  (Brown  Univ., 
Providence,  RI) 

Variations  of  Water  Concentrations  in  the 
Shuttle  Eni'ironment 

AGU  Mtg.,  San  Francisco,  CA  (9-13  December 
198.5) 


Hunton,  D.E.,  Viggiano,  A. A., 
SwiDER,  W.,  Paulson,  J.  F.,  and 
Sherman,  C. 

Mass  Spectrometric  Measurements  of  SFg 
Chemical  Releases  from  Sounding  Rockets 
AGU  Fall  Mtg.,  San  Francisco,  CA  (8-12 
December  1986) 

Hunton,  D.E.,  Trzcinski,  E.  (AFGL); 
Cross,  J.B.,  Spangler,  L.H., 
Archuleta,  F.H.  (Los  Alamos  Natl. 
Lab.,  Los  Alamos,  NM);  and 
VisENTiNE,  J.T.  (NASA  Johnson  Space 
Ctr.,  Houston,  TX) 

Quadrupole  Mass  Spectrometer  for  Space 
Shuttle  Applications:  Flight  Capabilities  and 
Ground  Calibration 

18ih  Natl.  SAMPE  Tech.  Conf.,  Seattle,  WA  (7-9 
October  1986) 

Mass  Spectrometers  and  Atomic  Oxygen 
.NAS.A  Wkshp.  on  .Atomic  Oxygen  Effects, 
Pasadena,  CA  (10-11  November  1986) 


Jasperse,  J.R. 

Models  of  Proton  Aurora  Emission 
lAGA  Fifth  Scientific  Assbly.,  Prague, 
Czechoslovakia  (5-17  August  1985);  CNET/CNRS 
Mtg.,  Saint-Maur-des-Fosses,  France  (20-22 
August  1985) 

Jasperse,  J.R,,  and  Basu,  B. 

Exact  Solutions  fur  the  Thermal  Density 
Fluctuation  Spectra  in  a  Weakly  Collisional 
Electron-Ion  Plasma 

STATPHYS-16  Mtg.,  Boston,  MA  (10-16  August 
1986) 

Exact  Solutions  for  the  Dielectric  Function 
and  Thermal  Density  Fluctuation  Spectra  in  a 
Weakly  Collisional  Electron-Ion  Plasma 
APS  Div.  ^if  Plasma  Physics  An.  Mtg.,  Baltimore, 
MD  (3-7  November  1986) 

Jasperse,  J.R.  (AFGL);  Decker,  D.T. 
(Boston  Coll.,  Newton,  MA);  and 
Huffman,  R.E.  (AFGL) 

A  Study  of  Coincident  Airgloxc  and  Electron 
Density  Data 

AGU  Mtg.,  Baltimore,  MD  (19-23  May  1986) 
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Kata  YAM  A,  D.H. 

The  ('oil  isionn!  (J/ttfich  i  toj  or'  Ehch-omcoUif 
Ej'citcd  Sit ro(jfn 

-lOth  Mdlt't’iilar  Symfi..  ( 'nlutnlitis,  OH  (17-lM 
Uts.'>) 

Rotdtnxm!  f'n>  lyif  Tnnisfcr  ni  th(' 
Elcrtronirolh/  K.rcttvd  H  rr .  Stoti-  of  S  ■ 
Thirty-Kiylith  An,  Oascous  KUa'lnmu's  ('onf., 
Montt'rry.  (  A  tl-Vl>  Octobfi'  U's.'ii 

Katavama,  D.H.,  and  Dkxtamako, 

A.V.  (AF(;L) 

('oUlsion  Induct'd  Electronic  Truusitions  in  a 
Dintofnir  Molecule  /.  h'j'pt  rnncnfni  Results 
Joiai  Oiv.  Mty^  nf  Am.  1‘hys.  Sue..  Kuk^mu',  (.)R 
{  -Iuiu'  Rtsti) 

Kl.dmCHAK,  .].A. 

I)»s(yn  mol  ( 'ho  melt  rist  irs  of  the  (jRS 
lonosjdicnc  Time  Drloii  Alyoritfnn  for  Single 
Fre<\u(neg  I  ser.\ 

iN'silion  lAH’uiinn  aii'l  Navi^mtion  Symp..  Las 
Vt'^as.  W  f-I-T  N'lA'fmiK'r 

Ki.oHn'HAK.  .I.A.  (AFGL);  and  Aiu»r. 
M.A.  (Institutn  de  Pesquisas  F^spaciais, 
Sac)  Jose  dos  Campos,  Brazil) 

liiiiusi>hrnc  Irrcf/it/nrifics  Produced 
by  the  Hrii:ilitni  /oiioriiherie  Moditlcotion 
IHIMP)  f'.'.rpi  rioieiit 

CO.SPAU  MtfT.,  Tnulmisf.  Frum'i.'  (ZO  .)uiu‘-12  July 

Kl.oiu CHAR,  J.-A...  AMiKliSOX,  D.X,, 
Bi.shdi’,  G.J.  (AFGL);  and  Dohkrtv, 
P.H.  (Fnimanuel  Coll.,  Boston,  MA) 

■iisii rei'ii  nt.i  (if  Tea Ns-liiiioriilierie  Propogotuin 
I’rirrinii  tecs  in  the  I’olnr  tii/i  lonosjihere 
IiUfriuit,  Hi'Ui'iiM  SaU'lliti'  Syiup.,  Oulu.  Finland 
(!M  )  Jiitif  llt.sd) 

Ki.oRr.  tiAR,  J.A..  Bishor,  B.,  Wfhf.r, 
E..  ForoKiiF,  P.  (.AFGL);  and 
Dohf.rty,  P.H.  (F]mmanuel  Coll., 

Boston,  M.A) 

Trff  nsionf)s/)hrnr  Riiduiirn  re  Rropugation 
Effects  in  the  R<d(ir  lonosfihere 
N’orih  .\m.  Kadid  Sci.  X’aricGUVtT.  (’ariatla 

-lum* 

LAItR.M’.FF,  .).(  .,  HfFFMAN,  R.E. 

(.AFtHd;  Conway,  R,R.,  Mkikr,  R,R., 


and  Prin/.,  D.K.  (Naval  Research  Lab,, 
Washington,  DC) 

N'.y.J  Satellite  Ohnerrntiuns  of  the  .V,  l.ynnni- 
Pirye-Hopfieltl  Sy.-item  Airgloie:  Orbital 
\  (iri<ition  of  I'ibrational  Distribution 
.YOr  Mtn..  ^an  Francisco,  C.A  (S-12  Dcccndicr 
Rtstn 


Lkk,  M.C.  (Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA);  Carlson,  H.C. 
(AFGL);  and  Ki'o,  S.P.  (Polytechnic 
Inst,  of  New  York,  Farmingdale,  NY) 

Polar  lonosjilu  lie  Irregularities  and  Possible 
Sou ree  Meelia n isms 

North  .Am.  Radio  Sci.  Mtfr  .  Vancouver.  Canada 
(.lunc  Ids,')) 


PAn..soN.  J.F.,  Vif.oiANo,  A. A.,  and 
Hf.nchman.  M.J. 

Slrong  Aeids  and  High  Electron  Affinities 
dsth  .An.  (iasoous  Fdectronics  Conf..  Monterey, 

C.A  (!.')- IS  October  IKSo) 

lonie  Clusters:  React inty  as  a  Function  of 
Temperature  and  Cluster  Sl;e 
mist  Natl.  .Mlg.  of  the  .Am.  Chem.  Soc..  New 
York.  NY  (LMT  April  msti) 

P.ACLSON.  J.F.,  VlC.OlANO,  A. .A., 
Hknchman,  M.,  and  D.alf,  F. 

Studies  of  Xega  tire  Ion  Heart  ions:  Sol  rated 
Ions  and  Strong  Aeids 
.'all  Symp.  on  .Atomic  am)  Surface  Physics, 
Ohertraun,  .Austria  (!)-l.A  February  IDSb) 

P.ACLSON,  J.F.,  D.alk,  F.,  Vigolano, 

A. A.,  Hf.nchman,  M.  (AFGL);  Adams, 
N.G.,  and  Smith,  D.  (IJniv.  of 

Birmingham,  UK) 

The  Heart  ion  of  O'  irith  CO , 

■Am.  Chem.  Soc.  Regional  .Vltp..  Denver.  CO  (li-12 
June  msti) 

Rfinisch,  B.W.  (Univ.  of  Lowell, 
Lowell,  MA);  Bichat,  J.  (AFGL); 
Dozois,  C.G.  (Univ.  of  Lowell,  Lowell, 
MA);  and  Wfhkk,  E.J.  (AFGL) 

Spared  Antenna  HE  Doppler  Obsrrrations  of 
E- Region  Drifts  in  the  Polar  Cap  and  (he 
Aurora!  Zone 

North  .Am.  Radio  Sci.  Mlt;..  Vancouver.  Canada 
(17-21  June  mSdl 


Rktterkr,  J.M.  (Boston  Coll.,  Newton, 
MA);  Ch.vng,  T.  (Massachusetts  Inst, 
of  Tech.,  Cambridge,  MA);  and 
J.vsPERSE,  J.R.  (AFGL) 

Ion  Acceleration  by  Lower  Hybrid  HVirt’.s-  in  the 
Snpraurorat  Region 

Chapman  Conf,,  Wellesley,  M.\  (June  19S.5) 
Connterstrenniing  Electron  Acceleration  by 
VLF  Turbulence  in  the  Suprauroral  Region 
.•\Gl'  Mtj;-.  San  Francisco,  CA  (9-lJ  December 
I9sr)) 

Retterer,  J.M.,  Decker,  D.T.  (Boston 
Coll.,  Newton,  MA);  Strickland,  D.J. 
(CPI,  Inc.,  Annandale,  VA);  and 
Jasperse,  J.R.  (AFGL) 

fin  Modeling  DiJ'fuse  Auroral  Electron 
Precipitation  and  Atmospheric  Backscatter 
First  Hunt-sville  Wkshp.  on  Magnetosphere/ 
Ionosphere  Plasma  Models.  Guntersville,  AL  (LT 
l(i  October  IDSb) 

SCHENKEL,  F.W.,  0GOR2ALEK,  B.S., 

Gard.n’er,  R.R.,  Hctchins,  R.A.  (The 
Johns  Hopkins  Univ.,  Laurel,  MD); 
Huffman,  R.E.,  and  Larrabee,  J.C. 
(AFGL) 

Simultaneous  Multi-Spectral  jWarroir  Band 
Auroral  Imagery  from  Space  (IIoOA  to  SJOOA  ) 
SPIF.  Conf.  on  Optical  and  Optoelectronic  Applied 
Sciences  and  Engineering,  San  Diego.  CA  (17-22 
■August  198()| 

Stergis,  C.G. 

Atmospheric  Transmission  in  the  Middle 
Ultraviolet 

SPIE  Internal.  Tech.  Symp.,  San  Diego,  CA  (17- 
22  August  1980) 

Strickland,  D.J.  (Computational 
Physics,  Inc.,  Annandale,  VA); 

Jasperse,  J.R.  (AFGL);  Wadzinski, 

H.T.  (Bedford  Research  Assoc., 

Bedford,  MA);  and  Daniell,  R.E. 
(Computational  Physics,  Inc., 

Annandale,  VA) 

Proton-Hydrogen-Electron  Aurora  -  Modeling  of 
Distribution  Functions.  Excitation  and 
Ionization  Rates  and  Optical  Emissions 
AGU  Mtg.,  San  Franci.sco,  CA  (9-1.3  December 
198.7) 


Sc,  T.  (Southeastern  Massachusetts 
Univ.,  N.  Dartmouth,  MA);  Sc,  A.C.L, 
(duPont  Co.,  Wilmington,  DE); 
ViGGiANO,  A. A.,  and  Paclson,  J.F. 
(AFGL) 

Gas  Phase  Ion  .Molecule  Reactions  of 
Perfluoroolefins 

7th  Winter  Fluorine  Conf..  Orlando,  FL 
(February  198.7) 

SWIDER,  W. 

Steady-State  Model  for  Mesospheric  Sodium 
,AGC  .Mtg..  Baltimore.  MD  (27-31  .May  198.7) 
Sodium  Xightgloic  and  Content:  Independent 
Behaviors 

.-VGC  Mtg.,  San  Franci.sco.  C.\  (9-13  December 
1987) 

Chemistry  of  the  .Mesospheric  Potassium  Layer 
.AGC  Mtg..  San  F'rancisen,  C.-X  (8-12  December 
1986) 

SwiDER,  W.,  Hcnton,  D.E.,  and 
Trzcinski,  E. 

Contaminant  Gases  in  the  Shuttle 
Environ  ment 

■CGLi  Mtg.,  Baltimore.  MD  (19-23  May  1986) 
Estimates  of  Slant  Water  Content  for  the  .'ilh 
Shuttle  Flight 

XXVI  COSP.AR  Mtg.,  Toulouse.  France  (30  June- 
12  July  1986) 

ViGGiANO,  A. A.,  and  Palt^on,  J.F. 

Three-Body  Association  Rate  Coefficients  as  a 
Function  of  Temperature  and  Cluster  Size 
Internal.  Conf.  on  Chem.  Kinetics,  Gaithersburg, 
MD  (17-19  June  198.7) 

Predicting  the  Temperature  Dependences  on 
Ion-Molecule  Association  Reactions  in  the  Low 
Pressure  Limit 

38th  An,  Gaseous  Electronic.s  Conf.,  Monterey. 
CA  (1.7-18  October  198.7) 

ViGGiANO,  A. A.,  Dale,  F.,  and 
Paudson,  J.F. 

Measurements  of  Ion  Molecule  Reaction  Rates 
Pertinent  to  Atmospheric  Trace  Gas  Detection 
AGU  Mtg.,  San  Francisco,  CA  (8-12  December 
1986) 

VIGGIANO,  A. A.,  Deakyne,  C.A.,  and 
Pacl-son,  J.F. 

Neutral  Reactions  on  Ions 

9lh  Internal.  Symp.  on  Gas  Kinetics,  Bordeaux, 

France  (20-2.7  July  1986) 


Vu;t;i.\N(),  A. A.,  Hknchman,  M.,  and 
Pa n. SON,  J.F, 

Suin'nici(ii!i/ 

U'fstrrri  Kf^pinal  (’‘inf.  <>fi  (Ja>:(‘ous  Ion 
('h^Miiistrv.  I.akr  Arn)wh«'a<i.  i'A  l-v.')  .lanuary 
I'.lSi;) 

Sujiirnvniitfi  ni  tfu  (Jux  /*/i(isc 
Su()frari<l  Chciii  I. ns  Aii^^-lrs.  ('A 

Kniiruary 

ViooiANo,  A. A.,  Pa n. SON,  J.P'.,  and 
HKN1!I.\IAN,  M. 

Rracfinns  nf  Sulrafiil  /ons 

Mh  Ain.  Chfin,  Snr,  Pnnvnr.  CO  .funn 

VnaiiANo,  .\.A,,  r’.\ri,soN,  J.F,, 
Hknohman,  M.  (AFGL);  Baucock, 
anil  Hiatli,  ('.  (Louisiana  St.  I’niv., 

Baton  Routto,  LA) 

Rdiliftfii'i'  Ass/i/'ttifiof/:  .1  +  li  ,l/t  +  fn\  at 
n.I  hi  1  hirr 

Intcriiiit,  Clint',  im  ('(ii'iii.  Kinnlics,  (iiiittuTstiurK. 
.Mil  1 17  l!i  .luiii'  Itls.'i) 

\Vaii/.inski.  H.T.  (Bedford  Rosoarch 
.\ssot'.,  Bedford,  MA):  jASi’tatsi;,  J.R., 

Hi  i-'FMAN,  R.F,  (AFtiL);  SriticKf.ANH, 
D.J..  and  D.vNlia.i,,  R.fL  (Computational 
Physics,  IiiJ.,  .Annandalc.  VA) 

r  Hji'ff- Kh  rt t'Dtf  Aurnriil  ■  <>/ 

t'l'V  Dafii  f''iirrt  Sitfrllifr  N./'-J 
AOr  San  Krancisctt.  ('A  DccmnlMT 

Hi.":.) 

Wi:nKK,  F.J..  ('.Mil, SON,  H.C.,  Smidhv, 

M,  (.AFGL):  and  Kki.i.kv,  M.C.  (Cornell 
Lniv,,  Ithaca.  \V) 

/^Ycc/'r/c  rifh/  Mt'rtsif  reniffits  WifhiN  n  Pifhir 
(up  Ain  i>r(i 

Ad  Mt^.,  San  Krancisen,  (‘A  ('^-12  I )cccinhcr 

WtaiKU,  K.J.,  Cai;i,son,  H.C., 
Bai.i.kntuin,  J,,  Hakhy,  I). A., 
M.wnakI),  N.C..  McMahon,  W., 

Moouk,  J.G.,  Smidhy,  M.  (AF'GL); 
RoHKiiaa:/.,  P.  (N'aval  Research  Lah.. 
Washinjfton,  I)C);  I'CAKK,  R.F.  (Cornell 


Univ.,  Ithaca,  NY);  and  GoCch,  P.  (The 
llniv.  of  Sussex,  Brifthton,  UK) 

f’liliir  /uiiusp/u'i'ic  Irrcgulttritii's  K.r/M‘ri»ic///: 

/  V(  •/ > »!  i  n  (I  ry  fit's  ii  I  Is 

,\(!C  Mtt;..  San  Franciseo,  C.-\  December 

IDS.')) 


Whalkn,  J.A. 

f.iini/ilutfinitl  Di'peiidvticc  of  (he  High  lAititude 
Fd.oyer  Trough 

.ACC  Mt);..  San  Francisco,  CA  Decemlier 

IDS.')) 


TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 

ANDiatsoN,  D.N.  (AFGL):  Mfndii.do, 
M,  and  Hkknitkk,  B.  (Boston  Univ., 
Boston,  MA) 

.1  Se»ii-h'm/jirie(i/  Loie-Loti/iide  lo>/ospherie 
Mode! 

.AF(a,-TK-S.')-()2.')4  (10  October  IDS;')),  ADAKiSSDD 


Baii.ky,  A.I).,  and  Shkkman,  C. 

HlfiMA  0)1  Koergetic  lot)  Retordiog  \fitss 
Atiolyzer  for  (he  RKRTt  Heo)))  Emission 
Roeke!  Tesl-0)ie 

AFC.I.-TFtSti-OlOD  (ID  May  IDSO),  ADAITS^HI 

B.asc,  S.  (AP'GL);  MacKkn/.ik,  E., 
Basc,  Scnanda,  Costa,  E.  (Emmanuel 
Coll.,  Boston,  MA);  FocoKiiF,,  P.F., 
Cardson,  H.C.,  and  Whitnky,  H.E, 
(AFGL) 

JiiO  MHzdlh  Sritiltdoliot)  f'nnttnelers  itt  (he 
E(iit<t(oriitl.  I’olar  out!  Aurorol  Eneironmenis 
AF(;i,TU-,H(i-0070  (2S  March  IDS(i),  ADA1722n 

D.andfkak,  B.S.,  and  Bccmai  ,  J. 

ImprtjritHf  foFJ  Prvdution  for  the  Suttrist' 

Tra  tf  s  i  t  i  o  n  l*r  ri  <  xi 

AK(;i^TK->«;-002S  January  AI>A17()4r>7 

Daniki.i,,  K.E.,  .Stricki.and,  D.J. 
(Computational  Phys.,  Inc.,  Annandale, 
VA);  Dkckfr,  D.T.  (Boston  Coll., 
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Newton,  MA);  Ja.^pkksk,  J.R.,  and 
Cari..s()\,  H.C..  Jk.  (AFGL) 

Di'tfniiiniilioii  of  Ioni)s/>lit'ric  fSIcctron  Density 
DroHIrs  Jhiin  Siitcllilc  IT  Emission 
Mcasn  re  men  Is,  FY-Si 

AF(;i,TK-S.‘)-(IO!)'.l  (2(i  April  liwr)),  ADAKHKiCH 

Hi  nton,  D,E.,  Trzcinski.  E., 

VVi.onYKA,  L,,  Fkdkrico,  G.,  and 
Dorian,  J.,  ILt 

Quadrupote  lon'Sentrat  Moss  Speetromeler  for 
Spoee  Shuttle  Applieolions 
AFGL-TR-S(i-n(lS4  (7  April  ADA  172000 

Kokin,  M.M. 

.1  Farometeeized  I'roeedure  for  Determining 
Real  Height  from  lonograms  hy  Fse  of 
(ieneratized  Po robotic  Profiles 
AF(:i,-TR-S.')-0l01  (S  May  l'it8r>),  ADAlti0282 

Shkrman,  C, 

Co/leelion  ot  Ions  in  the  Stratosphere 
AFGDTR-8ri'-():n7  (9  December  108', »,  ADAlfiOOOr, 

Wkbfr,  E.J,,  Ki.obighar,  J.A., 

Bi  GHAf,  J,,  Carlson,  H.C.,  Jr. 

(AFGL);  Living.ston.  R,C.,  dk  la 
Bkaijardikkk,  0.,  McCkkady,  M,  (SRI 
International,  Menlo  Park,  CA);  Moore, 
J,F,,  and  Bishop,  G.J.  (AFGL) 

Structure  and  Dynamics  of  Polor  Cop  F- 
Lnyer  Potehes 

AFGDTR-80-0074  Cll  Marcli  108(>),  ADA17r)241 


CONTRACTOR  PUBLICATIONS 
JANUARY,  1985  -  DECEMBER,  1986 

Bi  RCH,  J.L.,  Rkiff,  P.H.,  Menietti, 
J.D.,  Heelis,  R,A.,  Hansom,  W.B., 
Shawhan,  S,D,,  Shelley,  E.G., 

SiGii  RA,  iM.,  Weimer,  D.R.,  and 
WiNNiNGHAM,  J.D,  (Southwest  Research 
Inst,,  San  Antonio,  TX) 

IMF  B^-[)ependen(  Plosmn  Ftoie  and  Birketond 
Currents  in  the  Dayside  Magnetosphere.  1. 
Dynamics  Erptorer  Ohserrotions 
,1.  Geophys.  Res.  90  (1  F’ebruary  lOSbl 


Crew,  G,B,  (Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA) 

Generation  of  Lower  Hybrid  lYnecs  by  on 
Electron  Beam  of  Finite  Spotiot  E.rtent 
.Massachusetts  Inst,  of  Tech.  G.SR-TK-8.7-24 
(October  198.',) 

Crew,  G.B.,  and  Chang,  T.S. 
(Massachusetts  Inst,  of  Tech., 
Cambridge,  MA) 

Asymptotic  Theory  of  Ion  Conic  Distributions 
Phys.  of  Fluids  28  (Aufrust  198.',) 

De  La  Bealjardiere,  0.,  Wigkwar, 
V.B.,  Caudal,  G.,  Holt,  J.M.,  Craven, 
J.D.,  Frank,  L.A.,  Brace,  L.H., 

Eva.ns,  D.S.,  WiNNiNGHAM,  J.D.,  and 
Heelis,  R.A.  (Southwest  Research 
Inst.,  San  Antonio,  TX) 

I'nirersol  Time  Dependence  of  Sighttime  F 
Region  Densities  at  High  Latitudes 
.J.  Geophys.  Res.  90  (1  May  1985) 

Dheandhanoo,  S.,  Chatter-iee,  B.K., 
and  JoHNSEN,  R.  (Univ.  of  Pittsburgh, 
Pittsburgh,  PA) 

Rate  Coefficients  for  the  Oxidation  Reactions 
of  Zirconium  Ions  with  Oxygen.  Nitric  Oxide, 
and  Carbon  Dioxide 
.].  Chem.  Phys.  88  (1  October  1985) 

Koskinen,  H.E.J.  (Massachusetts  Inst, 
of  Tech.,  Cambridge,  MA) 

Paramelne  Processes  of  Lower  Hybrid  Ware.'; 
in  Multicomponent  Auroral  Plasmas 
AGU  Monograph  38  (198G) 

Menietti,  J.D.,  Winningham,  J.D., 
Burch,  J.L.,  Peterson,  W.K.,  Waite, 
J.H.,  and  Weimer,  D.R.  (Southwest 
Research  Inst.,  San  Antonio,  TX) 

Enhanced  Ion  Outflows  Measured  by  the  DE  I 

High  Altitude  Plasma 

J.  Geophys.  Re.s.  90  (I  February  1985) 

Rodriguez,  J.M.,  Ko,  M.K.W.,  and 
SzE,  N.D.  (Atmospheric  and 


Environmental  Research,  Inc.  (AER). 
Cambridyje,  MA) 

f^ossiblr  Impact  <>/  Soili/nn  Spt  rus  oa  (10  and 
()  in  (he  I'ppcr  S(rat<i.<phcn 
(It'ophys.  Rt-s.  Lott.  L^  i.Iuiu' 

Rostokkk.  t;..  K.\.\i(|ik.  Y.,  and 
WiNXiNCH.v.M,  J.I).  (Southwest  Research 
In.st.,  San  Antonio.  TX) 

Energetic  Earhch  lOccipitatinn  into  flic  High- 
Latitude  Innnspln  re  find  the  Auroral 
Elect  rojcfs-  -/  ( 'hi!  l  iicfi' cist tes  ot  hJertron 
prci'i  pi  fa  f  in  n  lufn  f  hr  Mornn-g  Scefnr  Auroral 
Oral 

J.  ( M-tpfiV".  (S'S.  '.Mi  (I  August 


Sll.fKK,  .J.A.  (.Verodyne  Resetirch,  Inc.. 
Billerica.  MA) 

M>  nnii  ri  mini  iif  Atonni'  Sni/imn  unit  f'uf'isniinil 
!>ltYiisiii>i  t  'iii  tyirii  nl.-i 

('hem,  I'liys.  si  (1  l'.iS4i 


SlI.VKR.  J.A.,  ST.A.VTo.N',  A.C..  Z.tH.MSKK, 
M.S.,  and  K(j1,h,  C.E.  (.Aerodyne 
Research,  Inc..  Billerica.  MA) 

(iiis-l’IiiiHi'  Ri'iu'lion  Rah  al' Sm/in  ai  Hiiil rn.i'idf 
inlh  Hi/ilnirhlorir  Anil 
.1.  ('h>s.  Oiem,  s.s  (lit.'Ji 

Yvkiihnskv.  D.I)..  Ei.UKRKiKi.n,  U.J. 
(Imperial  Coll..  London,  England):  and 
Chang,  T.S,  (Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA) 

Cntii'al  Flnr!  uahonx  Ariiiiml  \o»  Ri/ii  ilihnii  in 

Sh'iidij  Stairs 

.1  .tppl.  Rhys.  17  (I'.ls-ti 

VVi.NMNdH.A.M,  J.D.,  and  Bi  ucH,  J.L. 
(Southwest  Research  Inst.,  San 
.Antonio,  TX) 

Ohsrrrafions  ot  Large  Scale  Ion  (’onic 

dene ra t ion  noth  UE- / 

f'hysif’s  of  Spac*‘  f’lusnias  o  ( I!(><2-I!ts4) 


CONTRACTOR  TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 

Ak.a.sofi  ,  S.  I.,  and  Fry,  C.F.  (Univ.  of 
Alaska.  Fairbanks,  AK) 

Drrrliipmrnt  of  n  Oroiiiagnetic  Storm  Rrr- 
I’rrilu  tioii  Scheme  -  Phase  I 
.■\Ft'.L-TU-sr).01.-)2  (.June  19S.7),  .AD.YKlKir)! 

Biondi,  M.A.,  and  John'sfn,  R.  (Univ. 
of  Pittsburgh,  Pittsburgh,  PA) 

Atomic  Collisions  and  Plasma  Physics 
.\FC.L-TR-8(;.01SS  cn  ,\ufrust  lOSd).  .A  1 1. A  it. 77  27 

Ch.a.vc;,  T.  (Massachu.setts  In.st.  of 
Tech.,  Cambridge,  M.A) 

Ionospheric  Plasma  Study 
AF(;i.-TR-S(;.(l2()(l  (1,-)  Seplenilier  l!)S(i), 
.AD.AIT.'XW.A 

D.aniki.i.,  R.E.,  Jr.,  and  Str1(  Ki,.anI), 

D. J.  (Beers  .Associates,  Inc.,  Reston, 

VA) 

Assessment  at  Methods  for  Monitoring  the 
Ionosphere  liy  Ohserring  lA’  and  \'isible 
Emissions 

.AF(iL-Tl{.s.")-0(n;{  (.January  llts')).  .Ar).AlH5217 

E. athkr,  R.H.  (Keo  Consultants, 
Brookline,  M.A) 

Airhorne  Optical  Systems 
AF(;i.-TRst;.(n:«  (2(1  .June  1!)S(>).  ADA  17217:j 

El.c.is,  J.B.,  and  Dt'FF,  J.W.  (Spectral 

Sciences,  Inc.,  Burlington,  .MA) 

.A  Monte  Carlo  Description  of  the  Sampling  of 
Stratospheric  Ion  Clusters  Via  a  Mass 
Speelroniefer 

.AF(;OTR-S.‘>-0:il!t  (October  l<m.'>),  .ADA1(>S.72;J 

Hainks,  D.  M.  (Univ.  of  Lowell, 

Lowell,  MA) 

Digisonde  J.ih  RF  Poieer  Tests  at  iVallops 
Island  -  Test  and  Evaluation  Report 
AF(;r,-TR  H(;  018.7  (Auirust  1086).  AD.A17.'J8;J1 

H.ar(;rf„avk.s,  J.K.,  and  Burns,  C.J. 
(Univ.  of  Lancaster,  Lancaster, 

England) 

EISCAT  Electron  Density  Studies 
.AF(;UTR-S.7-0072  (2!)  .January  19S7).  .AD.A1.7282() 
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Hu.ls,  R.S.  (Tri-Con  Assoc.,  Inc., 
Cambridj^e,  MA) 

Rv/u rbishtncHf  of  an  l  ltrariah't  and  Klertronic 
Sfwvt ronn'tvr  and  Phoionn  fir 
.\K(;[.-TH-Sr)-(H()r)  {2\)  April  IDS.")).  AI>Al(io:Ui:i 

Kkr.si.kv,  L.,  and  Whe.xdon,  N.S. 

(Dept,  of  Physics,  Penj^lais, 

Aberystwyth,  U.K.) 

Scin/i!lnti<ii)  I  sing  .\’.\'.S'.S’  Sii/r//t/rs 
.\F(;i.-TR-s.-)-ll(l.'):i  Uil  .liiiiuury  19S.')),  AI).\1.‘)2S(M 


Kinskv,  J.L.  (Massachusetts  Inst,  of 
Tech.,  Canibridjje,  MA) 

I.dsi  r  Spccinjsfojti/  i>/  ():o)ic 
AK(;(.-TR-S<i-(l(l()<i  ( l.s  Di'ci'tiihor 
AI)Altit'.r,U; 

Ko,  M.K.W.,  SzK,  N.D.,  and 
RoDRKa  K7.,  J.M.  (Atmospheric  and 
Environmental  Research,  Inc,, 
Cambridjre,  MA) 

.1  Research  Program  for  the  Seutral'lon 
Chemistry  of  Metals  in  the  Stratosphere  and 
Mesosphere 

.XFGCTR-xii-dK;;)  CiO  .)uly  l!»S(i),  A1)A17.V2;14 


Krczi  N,  C.G.  (TRI-CON  Assoc.,  Inc., 
Cambridj^e,  MA) 

Fabrication  and  Test  of  Modified  Qnadrnpole 
Ma ss  Spectrometer 

.■tF(;CTR-S.>ll()(>2  no  .January  19H.a).  AD.Al.a.alKO 


Lkf,  M.  C.  (Regis  Coll.,  Weston,  MA) 

Physics  of  Xat  lira  I  and  HF-Indnced  Ionospheric 
Disturbances  and  Their  Effects  on  Radio 
('ommuniration 

AFGI.-TR-S.>016:i  CiO  -June  19X5),  AI)Al(i21.59 


Lowkangk,  J.L.  (Princeton  Scientific 
Instruments,  Inc.,  Princeton,  NJ) 

I'ltrn  Violet  Imager  System 
.*\FGI,-TR-H(i-01i:i  (15  April  lOHO).  AI)A172175 


Lfca.s,  R.D.,  and  Rolii.vs,  R.E. 

(Physical  Dynamics,  Inc.,  Bellevue,  WA) 

Phase  I  Finn!  Report:  Implementation  of  an 
Ionospheric-Image  File  Management.  Processing, 
and  Display  System 

AFGI,-TR-K.5-00H2  (15  April  19S.5),  AI)Alfi4.502 


McNa.mara,  L.E.  (I'niv.  of  Lowell. 
Lowell,  MA) 

Quality  Control  of  True  Height  Profiles 
Obtained  .AnIomalieaUy  from  Digital 
lonograms 

AFGM'R-S(i-()09S  (.May  19S);i.  Al)A17l:(2s 

Mkndii.M),  M.,  and  Hkrmtfr,  B. 
(Boston  Univ.,  Boston,  MA) 

.4  Model  for  (he  Loie  Lfitifndr  lonos/du  n  irith 
('oeffieients  for  Different  Snistinol  ond  Solar 
Cycle  ('nnditions 

AF(:L-TR-S(i-(lL^{;o  (1  XdvcnihtT  IDSCi.  AHAITSllOT 

RoDRua  KZ.  J.M..  Kn.  M.K.W.,  and 
SzK,  N.D.  (Atmospheric  and 
Environmental  Research,  Inc., 
Cambridge,  MA) 

The  Scut  rat '  Ion  Chemisli-y  of  Sodium  in  the 
SIralosphere  and  .Mesosphere 
.■\FGL-TR-X5-02S7  (SO  SfiiU'iiiluT  19S5I, 
ADAlOlliSi; 


Sacks,  G.S.,  Rf.inisch,  B.W.,  Bim.,  K., 
and  Dozois,  C.G.  (Univ.  of  Lowell, 
Lowell,  MA) 

lonosjiheric  Propagation  Studies  During  the 
Precision  Targeting  Experiments 
AFGI/-TR-S1)-()(}S0  (January  19X(i),  AI)A172;il(i 
Preliminary  Inrestigalion  of  Ionospheric 
Modification  ('sing  Dblii/ue  Incidence  High 
Poteer  HF  Radio  IVaee.v 

AFGCTR-X()-020;i  (September  lOSO),  Ai)Al79174 


SiLVKR,  J.A.,  and  Koi.ii,  C.E.  (Aerodyne 
Research,  Inc.,  Billerica,  MA) 

.4  Study  of  the  Chemist ry  of  Alkali  Metals  in 
the  Cpper  Atmosphere 

AFGL-TR-H.5-00()X  (January  19X5).  AI)A1.5(i:i49 


SiiAKR,  J.  A.,  and  Koi.n,  C.E. 
(Aerodyne  Research,  Inc.,  Billerica, 
MA.) 

A  Study  of  .Atmospheric  Reactions  of  .\eutral 
Sodium  Species  and  Other  Metals  of  Meteoric 
Origin 

AFGHR-X(i-0()10  (9  February  19X0),  ADA  100501 


Smith,  D..  and  Ahams,  N’.G.  (Univ.  of 
Birmingham,  Birmingham,  En^jland) 

lot!  (iml  E'lfctnifi  hitf  nicfunis  o!  At nnifiphi  rw 
hn  ffortu  net 

AKOL-TK-^.'hLMT  <:U  Auvrust  llts.")).  ADAUiUllii 

Si  KV.';,  R.  (N'orthea-'^tern  L'niv.,  Boston, 
MAI 

('i/fftnjl  find  Sii/f/fil  <'nti<hth)fnt/(;  ('irruits  for 

AK(  i  I  >-T  K  >1  IT  <(  A I  »A 


Si  KYs,  R.,  and  Roc'HKKOKt,  J,S. 
(N'ortlieastern  Univ.,  Boston,  MA) 

[)oii>i rigger  Instntmeiitntion  to  Revord 
Tlu'rniosondc  Data 

AF(:L-TR-S.5-0i)S,",  (October  198:0,  AI)Alfil748 
Control  Electronics  for  an  Ion  Mass  Filter 
the  I.oieer  Ionosphere  Payload  Development 
Program 

.\F(jL-TK-8t;-0170  (:10  September  1985), 
A1>A17.‘>4;19 


I)r,  Aniiilci  A.  Hanifs  IriKhl).  (.'hiff  of  the  Cloud  Phv-iics  Branch,  and  TSfit  Dennis  L.  Lattross,  research  ami 
(levelopnient  technician,  inspect  the  M-Meter.  :i  dev'ce  that  measures  the  mass  of  raindrops.  (The  other 
instruments  mounted  herieath  the  wintr  of  the  airplane  .neasure  the  size,  shape,  and  number  of  particles  in  the 
melting  zone  of  the  atmosphere.  d.noil-lo.lUKI  ft.  In  this  layer,  sitjnals  from  Air  Force  microwave  systems  are 
ahsorhed,  and  communications  at  higher  freipiencies  are  impelled.  The  data  from  this  Weather  Attenuation 
Program  will  help  develop  methods  to  predict  these  losses.) 


IV  ATMOSPHERIC  SCIENCES 
DIVISION 


The  Atmosphei’ic  Sciences  Division  in- 
vestij^ates  atmospheric  effects  on  Air 
h'orce  systems  and  operations.  Present 
day  military  operations  are  at  least  as 
dependent  upon  the  weather  as  at  any 
time  in  the  past.  While  some  Air  Force 
operations  will  be  less  affected  by  weath¬ 
er  elements,  newer  operations  will  involve 
more  comple.x  and  sophisticated  systems 
that  are  weather-dependent.  Thus  the 
search  for  better  methods  of  observing 
and  predicting  meteorological  conditions 
continues  to  be  a  vital  part  of  the  geophys¬ 
ical  research  program  of  the  Air  Force. 

During  the  period  1985-1986,  projects  in 
the  Atmospheric  Sciences  Division  have 
included:  research  on  cloud  and  precipita¬ 
tion  physics  and  numerical  modeling  and 
simulation  of  cloud  physics;  upper  atmo¬ 
sphere  specification:  atmospheric  dynamic 
modeling  and  mesoscale  prediction  tech¬ 
niques;  improved  techniques  for  automat¬ 
ic  satellite-imagery  analysis,  research  on 
obtaining  water-vapor  profiles  from  satel¬ 
lites,  and  the  use  of  satellites  in  providing 
weather  data  within  uncontrolled  or  ene¬ 
my-controlled  areas  and  airspace;  climato¬ 
logical  techniques  for  the  design  and  oper¬ 
ation  of  Air  Force  systems  and  develop¬ 
ment  of  prediction  techniques  for  toxic 
chemical  spills;  and  automated  Doppler 


Wfalher  radar  analyses  and  enherent  [xi- 
larization-diversity  radar  teehniiiues. 

CLOUD  PHYSICS 

I'urin^  llie  i)asi  two  years,  the  cluud 
pliysies  i)ri)p:rain  has  emphasized  cloud 
nuerophysics  modeling;  alonp:  wiiii  efforts 
in  field  programs  and  instrumentation 
development.  By  incorporatin^r  knowledjte 
gained  in  the  field  proj^rams  into  the  cloud 
microphysics  models,  we  will  obtain  a 
more  complete  understanding;  of  such  mi- 
crojihysical  ijrocesses  as  jjrowth  of  ice 
crystals  and  snowflakes,  melting  of  the 
snow  in  the  free  atmosphere,  and  the 
pn-owth  and  evajioration  of  rain  and  cloud 
droi)s.  We  have  be^un  to  apply  the  model 
results  to  Air  h'orce  areas  of  interest  such 
as  electromagnetic  attenuation,  aircraft 
icintr.  nuclear  winter,  and  scavenginjr  of 
exhaust  products  dejxisited  in  the  atmo¬ 
sphere  by  larjre  rockets. 

Cloud  Microphysics  Modeling;  The 

purpose  of  this  effort  is  to  introduce  more 
detailed  microphysics  into  cloud  models  in 
order  to  provide  more  accurate  simulated 
clouds  for  Air  Force  aiiplications.  Many 
Air  h'orce  weapon  and  communication  sys¬ 
tems  are  affected  by  processes  such  as 
microwave  attenuation  which  occur  within 
clouds  and  precipitation.  Better  under¬ 
standing  of  the  internal  processes  of 
clouds  will  enable  engineers  to  design 
equiijment  which  will  operate  more  effec¬ 
tively  in,  and  through,  clouds  and  precipi¬ 
tation. 

The  AFtiL  Cloud  and  Mesoscale  Model, 
a  version  of  the  cloud  model  developed  at 
Colorado  .State  Cniversity,  is  a  two-dimen- 
sic)nai  or  three-dimensional  numerical 
model  that  runs  on  the  Cray-1  computer  at 
the  .Air  Force  Weapons  Laboratory 
(.AfAVLl  at  Kirtland  .Af’B,  N’ew  Mexico. 


The  model,  which  contains  parameterized 
cloud  microphysics,  can  be  run  with  the 
microphysical  routines  deactivated  to 
study  dry  atmospheric  circulations,  or 
with  the  microphysics  activated  to  study 
complex  cloud  systems.  The  model  has 
been  run  at  AFGL  to  study  thunder¬ 
storms,  nuclear  firestorms,  and  dry  and 
moist  mountain  circulations. 

.A  one-dimensionai  warm  cumulus  model 
with  detailed  microphysics,  developed  at 
AFGL  some  years  ago  to  study  the 
growth  processes  of  droplets  and  the  for¬ 
mation  of  rain  in  a  simple  convective 
environment,  was  reactivated  and  modi¬ 
fied  to  include  ice  processes.  The  model 
now  allows  ice  particles  to  form  by  either 
freezing  of  droplets  or  by  nucleation,  as 
well  as  growth  by  riming.  The  model  has 
been  used  to  study  the  nature  of  the 
development  of  rain  and  hail  in  mixed- 
phase  cumulus  clouds  (those  which  con¬ 
tain  both  liquid  water  and  ice  particles) 
and  the  sensitivity  of  the  particle-growth 
processes  to  the  temperature  and  humidi¬ 
ty  environment. 

Both  models  were  applied  to  a  well- 
studied  Montana  cumulonimbus  cloud  as  a 
part  of  the  International  Cloud  Modeling 
Workshop  at  Irsee,  West  Germany,  spon¬ 
sored  by  the  World  Meteorological  Organ¬ 
ization.  The  modeled  clouds  tested  the 
sensitivity  of  the  models  to  the  concentra¬ 
tions  of  “cloud  condensation  nuclei,’’  or 
CCN,  which  are  related  to  the  aerosol 
content  of  the  air.  When  the  model  input 
included  the  appropriate  CCN  concentra¬ 
tions,  both  models  predicted  proper  precip¬ 
itation  mechanisms  in  the  cloud.  In  this 
regard,  the  models  also  agreed  favorably 
with  each  other. 

In  response  to  a  request  from  AFWL, 
we  al.so  ran  the  cloud  and  mesoscale  model 
in  three  dimensions  to  simulate  urban 
mass  fires  that  would  be  ignited  by 


nuclear  explosions,  according  to  the  “nu¬ 
clear  winter’’  theory.  These  simulations 
showed  that  the  height  of  penetration  of 
the  resulting  smoke  cloud  was  sensitive  to 
atmospheric  stability,  atmospheric  mois¬ 
ture,  and  the  heat  intensity  of  the  fire.  In 
addition  to  performing  the  modeling 
study,  we  attended  several  workshops  on 
“nuclear  winter”  and  briefed  interested 
parties  at  AFWL  on  the  “post  nuclear 
strike  environment.” 


.■\FGI.  Cloud  Model  Output  ShowintJ 
Cumulus  Clouds  I)evelo|)inf;  from  Mountain 
Circulations. 


Mountain  Thunderstorm  Initiation:  The 

forecasting  of  the  location  and  timing  of 
thunderstorms  is  an  important  operational 
problem  in  meteorology.  Recent  studies  at 
AFGL  have  shown  that  forecasting  thun¬ 
derstorm  initiation  over  mountainous  ter¬ 
rain  may  be  easier  than  over  flatter  land 
or  ocean.  Thunderstorms  that  begin  over 
mountains  are  important  because  they  can 
move  out  of  the  mountains  to  produce 
severe  weather  over  neighboring  low¬ 
lands,  and  storms  generated  in  the  Rocky 


Mountains,  for  example,  can  merge  with 
other  storms  to  become  Mesoscale  Con¬ 
vective  Complexes.  Often  referred  to  as 
“MCC’s,”  these  extensive  cloud  systems 
are  an  important  source  of  summertime 
rainfall  in  the  central  United  States  and 
they  produce  large  areas  of  cloudiness 
which  could  affect  Air  Force  operations 
(see  the  figure). 

Studies  with  the  AFGL  Cloud  and  Meso¬ 
scale  Model  have  shown  that  the  lee  side 
of  mountain  ranges  is  a  fertile  region  for 
the  initiation  of  thunderstorms,  and  that 
moisture,  upper  level  winds,  and  the  inten¬ 
sity  of  surface  heating  by  the  sun  strong¬ 
ly  control  the  ability  of  these  regions  to 
produce  clouds.  Further  studies  in  the 
Cloud  Physics  Branch  using  geosynchro¬ 
nous  satellite  data  to  locate  thunderstorm 
initiation  sites  have  emphasized  the  signif¬ 
icance  of  regions  to  the  lee  of  mountain 
ranges  as  thunderstorm  sources.  These 
studies  also  showed  that  many  isolated 
mountain  peaks  are  prodigious  producers 
of  thunderstorms. 

Instrumentation  Development:  Work 
efforts  have  continued  on  improving  the 
quantitativity  of  our  ground-based,  cloud 
physics  instruments,  which  have  been  de¬ 
signed  to  provide  “measurement  truth,” 
in  verification  of  AFGL  cloud  modeling 
and  other  efforts.  These  instruments  in¬ 
clude  the  rain  and  snow  rate  meters,  the 
fall  velocity  indicator,  the  hydrometeor 
structure  recorder,  the  volume  recorder, 
and  the  ASCME  liquid-water-content  de¬ 
tector.  All  these  instruments  are  designed 
to  be  as  accurate  and  as  fast-responding 
as  the  present  state  of  the  art  permits. 

Work  has  also  continued  on  the  M- 
meter,  which  is  designed  to  measure  the 
particulate  mass  content  (also  spectral 
content)  of  hydrometeors,  dust,  and  atom¬ 
ic  debris  that  might  be  present  in  the 
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M-meter  I'scd  If)  Dett-rmine  the  Specific  Miiss  Constant  of  Atmospheric  Hydrometeors  and  Other  Particulates. 


atmosphere  (see  the  figure).  This  instru¬ 
ment  is  primarily  an  aircraft  instrument 
but  it  can  also  provide  data  from  the 
ground.  A  patent  application  for  the  in¬ 
strument  was  filed  in  December,  1985. 
The  instrument  was  flight-tested  during 
the  AFGL  Weather  Attenuation  Program 
in  the  spring  of  1986.  Preliminary  results 
from  those  tests  indicate  that  the  M-meter 
performed  exceptionally  well  and  that  the 
instrument  has  the  potential  for  becoming 
the  standard  instrument  for  atmospheric 
particle  measurements. 


Field  Programs:  Satellite  communica¬ 
tion  systems  operating  at  frequencies  in 
excess  of  20  GHz  are  subject  to  attenua¬ 
tion  by  precipitation.  During  the  period  of 
March  15  to  May  22,  1986,  the  Cloud 
Physics  Branch  conducted  a  Weather  At¬ 
tenuation  Field  Program  in  the  area 
around  Hanscom  AFR.  The  program  in¬ 
cluded  direct  and  indirect  measurements 
of  attenuation,  airborne  meteorological 
data  from  instrumented  aircraft  (operat¬ 
ing  under  contract),  and  surface  observa¬ 
tions  of  drop  size  spectra  and  rainfall. 
Special  loran  sondes  developed  at  AFGL 


were  also  used  to  obtain  atmospheric 
soundings  of  temperature,  humidity,  and 
winds. 

Attenuation  measurements  were  ob¬ 
tained  using  three  different  methods;  (1) 
Direct  attenuation  measurements  at  38 
GHz  from  satellite  LES-8:  (2)  Indirect 
measurements  from  vertically  pointing 
ground  radars  operating  at  2  and  35  GHz; 
(3)  Airborne  K;,  band  radar  data. 

Airborne  meteorological  data  provided 
in-situ  measurements  :,f  liquid  water  con¬ 
tent,  particle-size  distributions  and  shape, 
as  well  as  temperature  and  humidity.  The 
new  M-meter,  designed  to  measure  the 
mass  of  ice  and  water,  was  also  tested  for 
collection  of  precipitation  mass  informa¬ 
tion  in  the  melting  layer. 

In  the  attenuation  program,  measure¬ 
ments  at  the  surface  were  made  by  the 
AFGL  rainrate  meter,  a  Joss  disdrometer 
(which  measures  droplet  size  distribution), 
and  a  fall  velocity  indicator.  Good  data 
were  acquired  by  all  instruments  on  most 
ofjerational  days.  Preliminary  results  of 
the  data  collection  program  reveal  good 
correlation  between  the  rainrate  meter 
and  the  disdrometer.  Also,  on  certain  of 
the  days  there  was  evidence  of  correlation 
between  the  rainrate  and  the  attenuation 
measured  by  Lincoln  Laboratory  from  the 
satellite. 

Approximately  40  flight  hours  of  liquid 
water  content  data  were  obtained  with  the 
M-meter  in  the  rain,  melting  layer,  and 
snow  regions  of  storms.  Preliminary  anal¬ 
yses  of  the  data  for  one  sortie  (March  27, 
1986)  showed  that  the  M-meter  worked 
extremely  well,  although  needed  calibra¬ 
tion  data  are  still  lacking. 

Measurement  Support:  A  measure¬ 
ment  support  program  has  been  conduct¬ 
ed  beginning  in  the  summer  of  1986  and 
continuing.  In  this  program  AFGL  rain 


and  snow  instruments  have  been  operated 
at  Otis  AFB  to  provide  “ground  truth” 
measurements  in  support  of  the  Division’s 
Automated  Observations  Task,  the  Air 
Weather  Service,  the  National  Weather 
Service,  and  the  FAA. 

UPPER  ATMOSPHERE  SPECIFICATION 

Many  Air  Force  systems  operate  in  or 
through  the  upper  atmosphere.  These  sys¬ 
tems  include  high-altitude  reconnaissance 
aircraft,  missiles,  military  satellites,  opti¬ 
cal  and  infrared  surveillance  systems,  ra¬ 
dars  and  communications.  These  systems, 
in  addition  to  a  number  of  technologies 
and  systems  in  Project  Forecast  II,  such 
as  Hypersonic  Aerothermodynamics  and 
Hypersonic  Vehicles  and  Weapons,  criti¬ 
cally  need  precise  specifif-ntion  of  upper 
atmosphere  properties  for  systems  to  be 
efficiently  designed  and  effectively  oper¬ 
ated.  This  requires  investigating  the  phe¬ 
nomenology  and  developing  climatologies 
and  empirical  and  theoretical  models.  The 
climatologies  and  models  must  provide 
mean  values  as  functions  of  the  appropri¬ 
ate  parameters,  such  as  latitude,  longi¬ 
tude,  time  of  year,  and  solar  flux.  It  is  also 
necessary  to  provide  ranges  of  variability 
about  the  mean  values. 

Models  and  Data:  The  Proceedings  of 
the  Workshop  on  Middle  and  Upper  Atmo¬ 
sphere  Models  and  Data  (held  as  part  of 
the  COSPAR  Meeting  at  Graz,  Austria,  in 
July,  1984)  were  edited  and  published  in 
1985  as  part  of  a  volume  in  the  journal 
Advances  in  Space  Research,  entitled 
“Models  of  the  Atmosphere  and  Iono¬ 
sphere.”  The  volume  contains  data  and 
empirical  models  of  the  middle  atmo¬ 
sphere  and  thermosphere  and  theoretical 
thermosphere  models.  The  properties  in¬ 
clude  temperature  and  winds  from  mete- 


orolu^ical  mckets  and  radar  systems,  and 
from  satellite  remote  soundinjr;  density 
from  satellite  dra^  data;  and  composition 
from  balloon,  rocket  and  satellite  remote- 
soundinji  data.  Three-dimensional,  time- 
dependent  theoretical  thermosphere  mod¬ 
els  have  been  developed  by  numerically 
solving  the  energy  and  momentum  equa¬ 
tions  to  produce  a  jjlobal  representation  of 
the  structure  and  dynamics  of  the  thermo¬ 
sphere.  These  ai‘('  upper-atmosphere  p:en- 
eral  circulation  models  and  include  enerp:y 
ini.ats  from  ?.olar  ultraviolet  and  extreme 
ultraviolet  emissions,  and  energy  and  mo¬ 
mentum  inputs  from  the  solar  wind. 

A  neu'  set  (.)f  niodels  developed  by 
■AFGL  contractor  Groves  was  [jublished  as 
■’.A  Global  Reference  Atmosphere  from  18 
to  so  km".  The  models  were  derived  using 
satellite  remote-sounding  temperature 
data  and  rawinsonde  and  rocket  data. 
They  present  structure  properties  as  func¬ 
tions  of  latitude,  longitude,  and  time  of 
year  and  constitute  the  first  set  of  refer¬ 
ence  atmospheres  for  this  altitude  region 
with  distinct  models  for  the  northern  and 
southern  hemispheres.  Since  that  time. 
Groves  has  extended  these  models  in  alti¬ 
tude  to  IdU  km,  where  they  merge  with  a 
set  of  thermospheric  models,  MSIS  83 
(Mass  Spectrometer  and  Incoherent  Scat¬ 
ter).  developed  by  NASA  Goddard  Space 
P’light  Center. 

Thermospheric  Density  Variability; 

Persisting  deficiencies  in  understanding 
lower  thermosphere  neutral  density  and 
wind  variations  continue  to  impact  Air 
Force  operations  that  require  knowledge 
of  aerodynamic  drag  effects  on  space- 
vehicle  trajectories.  These  requirements 
include  design  and  operation  of  the  Na¬ 
tional  Aerospace  Plane,  satellite  tracking 
and  reentry  predictions  by  Space  Com¬ 
mand,  and  the  control  and  operation  of 


DoD  mission  satellites  by  Space  Division's 
Air  Force  Satellite  Control  Facility.  There 
is  a  particularly  critical  need  for  better 
models  in  the  90-200  km  region.  Data  are 
relatively  sparse  at  altitudes  above  those 
reached  by  most  rockets  and  below  those 
reached  by  most  satellites.  To  provide 
users  with  state-of-the-art  understanding 
of  this  region,  the  Air  Force  Reference 
Atmospheres,  1978,  have  been  extended  to 
200  km  from  their  previous  upper  bound¬ 
ary  of  90  km. 

Temperature  measurements  from  rock¬ 
et  experiments  and  ground-based  incoher¬ 
ent  scatter  radars  formed  the  basis  for  the 
90-104  km  region  of  the  forthcoming  .Air 
Force  Reference  Atmosphere  Supple¬ 
ments.  Zonally  averaged  values  of  temper¬ 
ature,  density,  and  pressure  were  derived 
as  functions  of  altitude,  latitude,  and 
month  for  the  northern  hemisphere.  From 
120-200  km,  the  MSIS  1983  (Mass  Spec¬ 
trometer  and  Incoherent  Scatter)  models 
were  adopted.  These  models  are  a  func¬ 
tion  of  altitude,  latitude,  day  of  year,  local 
time,  solar  flux  and  geomagnetic  activity 
Between  104  and  120  km,  the  two  sets  of 
models  were  merged  such  that  the  MSIS 
variations  due  to  local  time  and  solar  and 
geomagnetic  activity  decreased  from  their 
appropriate  values  at  120  km  to  zero  at 
104  km. 

The  models  also  provide  information  on 
climatological  variations  in  density.  Below 
120  km,  available  measurements  and  theo¬ 
retical  interpretations  were  combined  to 
estimate  variability  due  to  tides  and  gravi¬ 
ty  waves.  Above  150  km,  variability  was 
determined  from  AFGL  satellite  acceler¬ 
ometer-drag  measurements.  Our  results 
provide  the  most  extensive  database  of 
density  at  low  satellite  altitudes.  Data 
from  nine  flights  were  used  to  statistically 
evaluate  the  atmospheric  variability  repre¬ 
sentations  in  tw'elve  empirical  models.  Re- 


suits  showed  that  models  typically  had  a 
globally  averaged  one  sigma  standard  de¬ 
viation  of  lo  percent,  with  larger  errors 
occurring  at  high  latitudes  and  at  higher 
geomagnetic  activity.  The  study  showed  a 
lack  of  significant  progress  in  density- 
model  accuracy  improvements  over  the 
past  two  decades.  Our  analyses  also 
revealed  errors  in  model  mean  values  as 
functions  of  latitude,  season,  and  local 
time.  For  e.xample,  density  values  mea¬ 
sured  at  low-to-middle  latitudes  near  190 
km  at  2200  hrs  with  the  sun-synchronous 
S85-1  satellite  were  20-30  percent  higher 
than  model  predictions.  These  nighttime 
densities  generally  exceeded  those  mea¬ 
sured  at  1000  hours  at  the  same  altitude 
and  latitude. 

The  inability  of  empirical  models  to 
achieve  improved  accuracy  has  led  to  initi¬ 
ation  of  a  new  approach  for  forecasting 
density  variability,  involving  incorporation 
of  new  physical  concepts  and  parameter- 
izations  of  dynamics  into  models.  The 
basis  for  these  improvements  are  general 
circulation  models  that  consider  thermo¬ 
spheric,  dynamic,  energetic,  and  chemical 
processes  as  part  of  the  coupling  between 
the  magnetosphere,  ionosphere,  and  neu¬ 
tral  atmosphere.  A  detailed  geomagnetic 
storm  simulation  case  study  was  carried 
out  to  compare  general  circulation  and 
empirical  model  predictions  with  acceler¬ 
ometer  density  and  winds  measurements. 
The  circulation  models  were  more  accu¬ 
rate  and  gave  higher  resolution  descrip¬ 
tions  of  density  variability  and  realistic 
specification  of  winds,  which  are  not  in¬ 
cluded  in  empirical  models.  Understanding 
of  wind  motions  is  important  not  only  for 
theoretical  knowledge  of  dynamics,  but 
because  velocities  of  1  km  per  second, 
sometimes  observed  at  high  latitudes  un¬ 
der  storm  conditions,  can  perturb  drag 
because  of  density  fluctuations  by  up  to 


±2o  percent.  Our  study  has  demonstrated 
the  feasibility  of  using  dynamic  models  to 
develop  a  more  accurate  density  and  drag 
forecasting  capability. 

With  Laboratory  Director’s  F'unds,  the 
feasibility  of  measuring  atmospheric  den¬ 
sity  in  the  upper  mesosphere  and  lower 
thermosphere  by  using  passive  satellite 
remote-sensing  techniques  will  be  evaluat¬ 
ed.  This  study  will  evaluate  the  accuracy 
with  which  density  can  be  obtained;  the 
cost,  weight,  and  power  of  the  instrumen¬ 
tation  required:  and  the  complexity  of  the 
data  analysis.  The  tradeoff  study  will 
provide  the  basis  for  consideration  of  a 
remote-sensing  system  capable  of  moni¬ 
toring  global  density  in  the  8O-I.0O  km 
altitude  region.  Such  a  technique,  if  suc¬ 
cessful,  could  provide  global  density  data 
in  an  altitude  region  where  measurements 
presently  consist  of  only  a  few  rocket 
flights. 

Upper  Atmosphere  Turbulence:  An  im¬ 
portant  part  of  the  Energy  Budget  Cam¬ 
paign  held  in  northern  Europe  during 
November  and  December,  1980,  was  the 
rocketborne  BUGATTI  (Bonn  University 
Gas  Analyzer  for  Turbulence  and  Turbo¬ 
pause  Investigations)  mass  spectrometer 
measurement  of  the  NU  and  Ar  number 
densities.  This  instrument  has  a  spatial 
resolution  approaching  20  meters,  which 
permitted,  for  the  first  time,  measure¬ 
ments  of  fine-scale  turbulence  down  to 
scale  sizes  of  a  few  mean  free  paths. 
Measurements  were  made  under  quiet 
conditions  and  during  a  moderate  geomag¬ 
netic  storm.  The  turbulence  power  spectra 
were  obtained  as  a  function  of  altitude 
between  69  km  and  115  km.  The  measure¬ 
ments  during  quiet  conditions  show  the 
usual  inertial,  or  Kolmogoroff,  k  *  '’  power 
spectrum  (where  k  is  the  wave  number)  up 
to  about  110  km,  which  appears  to  be  the 
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turbopause  altitude,  and  a  flat  noise-like 
spectrum  above  that  altitude.  This  spec¬ 
trum  may  be  generated  by  the  instrument. 
The  data  obtained  under  moderately  dis¬ 
turbed  conditions  show  the  Kolmogoroff- 
type  spectrum  up  to  about  95  km  and 
the  flat  noise-like  spectrum  at  higher 
altitudes. 


Occurrences  of  Turi)ulent  Temperature 
Fluctuations  in  Boundary  Layer 
Measurements.  (The  skewed  Oaussian 
distribution  due  to  turhu'ence  is  very- 
apparent. ) 

These  spectra  might  suggest  the  cessa¬ 
tion  of  turbulence  above  95  km  but  plots 
of  the  argon/N.^  density  ratio  do  not 
confirm  this.  (Because  of  the  mass  ratio 
40/28  the  argon /N.;  ratio  decreases  rapid¬ 
ly  at  altitudes  above  where  turbulence 
mixing  exists.)  The  argon/N^  ratio  dips 
above  105  km  but  increases  again  to  114 
km,  with  a  second  dip  and  recovery  near 
118  km.  These  data  can  either  be  due  to  an 
instrument  artifact  or  suggest  a  source  of 
mixing  in  these  altitude  regions.  To  obtain 
additional  information  on  this  phenome¬ 
non,  the  statistics  of  occurrence  of  the 
fluctuations  were  investigated  (see  the 
figure).  The  distribution  in  the  figure  for 


Occurrences  of  Rocketborne  Nitrofren 
Density  Fluctuations  Measured  at  90  to  100 
km.  (These  data  follow  the  skewness 
distribution  in  the  inverse  sense  of  the 
preceding  figure.) 


Occurrences  of  Density  Fluctuations  for  the 
110  km  to  120  km  Region.  (Note  the  close 
comparison  of  the  measured  data  with  the 
nomalized  Gau.ssian  curve,  indicating  a 
noi.se-like  mechanism  as  the  generating 
mechani.sm.) 

the  altitude  region  90  to  110  km  is  skewed 
relative  to  a  Gaussian  distribution.  This 
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distribution  is  similar  (except  reversed  as 
expected)  to  that  in  the  preceding  figure 
obtained  by  Chen  by  analyzing  boundary- 
layer  temperature  fluctuations.  On  the 
other  hand,  the  figure  for  the  altitude 
region  110  to  120  km  shows  a  Gaussian  or 
noise-like  spectrum.  This  can  be  inter¬ 
preted  as  due  to  instrument  noise  or  due 
to  a  different  mixing  mechanism.  Since 
this  i-esult  was  obtained  under  moderately 
disturbed  conditions,  it  may  be  due  to 
additional  atmospheric  heating  resulting 
from  particle  precipitation,  or  from  en¬ 
hanced  electron  heating  due  to  increased 
electric  currents  or  fields. 

Analysis  of  turbulence  intensity  deter¬ 
mined  from  Meteorological  Rocket  Net¬ 
work  (MRN)  data  demonstrates  that  the 
northern  latitude  (Poker  Flat,  Alaska,  lati¬ 
tude  70°N)  winters  are  much  more  ener¬ 
getic  than  the  summers,  and  show  a 
higher  occurrence  rate  of  turbulence.  The 
Wallops  Island  results  of  diffusivities  (Kh) 
also  show  this  winter-summer  trend  as 
does  Cape  Kennedy,  but  the  Fort  Sherman 
(Canal  Zone)  results  indicate  a  reversal  of 
these  dynamics,  where  the  summer  turbu¬ 
lence  is  more  intense  than  that  of  the 
winter. 

When  considering  the  diffusivities  (Kh) 
we  observe  the  intense  variability  of  the 
northern  latitude  (Thule)  winter,  and  the 
more  uniform  behavior  of  the  summer 
season.  This  is  similar  to  the  results  of  the 
rocket  grenade  data  but,  because  of  the 
finer  scale  of  the  measurement  grid,  we 
have  turbulence  measurements  to  lower 
altitudes  for  both  winter  and  summer. 
This  is  particularly  true  for  the  lower 
latitudes,  where  the  data  show  an  almost 
continuous  profile  down  to  approximately 
do  km.  The  Wallops  data  near  80  km  show 
a  ledge  of  amplitude  diffusivity.  This  phe¬ 
nomenon  was  noted  by  Zimmerman  and 
Keneshea.  These  large  amplitude  energet¬ 


ics  are  also  noted  in  the  turbulent  wind 
acceleration  and  total  heat  production  and 
loss  mechanisms.  Moreover,  at  Cape 
Kennedy,  we  also  observe  significant  win¬ 
ter  heating  at  the  lower  altitudes,  and 
again  in  the  summer.  There  is  a  sugges¬ 
tion  in  these  energies  that  they  must  be 
related  to  a  mid-latitude  source  con¬ 
strained  in  the  upper  stratosphere,  per¬ 
haps  the  “jet  stream”  that  migrates 
around  the  mid  latitudes. 

The  turbulence  wind  acceleration  is  gen¬ 
erally  balanced,  positively  and  negatively, 
except  for  the  winter  at  Cape  Kennedy, 
where  turbulence  {)rovides  an  effective 
drag  on  the  wind  system,  and  at  Fort 
Sherman  in  the  summer,  where  there  is  a 
large  net  acceleration  to  the  mean  winds. 
The  total  turbulence  heating  shows  a 
general  balance  of  heat  production  and 
loss  in  the  mid  and  northern  latitudes,  but 
at  Cape  Kennedy  and  Fort  Sherman  for 
the  winter,  and  around  60  to  70  km,  there 
appears  to  be  a  significant  loss  of  heat.  In 
the  summer,  however,  at  Fort  Sherman, 
turbulence  is  depositing  significant  heat 
into  the  mesosphere  to  the  value  3  x  10'^ 
K  per  second  or  SOO^'K  per  day. 

Specification  of  Atmospheric  Proper¬ 
ties:  An  important  activity  has  been  to 
determine  Air  Weather  Service  (AWS) 
requirements  for  inputs  of  improved  sci¬ 
entific  models  and  data  so  that  AWS  can 
provide  better  weather-related  data  to  us¬ 
ers.  To  this  end  working  group  meetings 
have  been  held  both  at  AFGL  and  at  Air 
Force  Global  Weather  Central  (AFGWC). 
Some  of  the  properties  for  which  im¬ 
proved  specification  is  required  are:  sur¬ 
face  weather  history,  visibility,  aerosols, 
optical  transmission,  and  structure  prop¬ 
erties  from  the  surface  to  the  lower  ther- 
mo.sphere.  The  AFGL  Optical  Physics  Di- 


\  isi(m  has  |in)\  i(l(‘(l  tfif  latest  u[)[)er  atmo¬ 
sphere  models, 

A  stud\'  was  performed  on  methods  of 
meteorolopdeal  data  specification  and  anal¬ 
ysis.  The  empliasis  for  the  former  was  on 
retrit‘val  of  data  from  satellite-borne  sen¬ 
sors.  Properties  incliuled  cloud  cover,  tem- 
[ierature.  visibility,  foft,  moisture,  precipi¬ 
tation,  and  snow  cover.  Methods  of  statis¬ 
tical  interpolation  were  investij^ated  as  a 
means  id'  ofitainins;'  objective  analyses  of 
iiH'teorolopical  data  lields. 

The  Strategic  Air  ('i.immand,  the  Ballis¬ 
tic  Missile  Office,  the  Naval  Surface 
Weapons  Center,  and  the  I'nited  Kifigdom 
are  all  interested  in  weather  effects  on 
reentering  missiles.  Working  group  and 
technical  inlei’change  meetings  have  been 
held  with  repi'esentatives  of  these  organi- 
x.ations.  Density  and  winds  affect  the 
targeting  accuracy  of  missiles.  Under 
most  conditions  the  effect  maximizes  in 
the  stratosphere.  Clouds  and  precipitation, 
hydrometeors  of  all  kinds,  affect  reenter¬ 
ing  vehicles.  Climatology  of  cloud  types, 
heights,  and  freiiuency  of  distribution  and 
climatology  of  precipitation  type,  rates, 
and  distribution  tire  of  interest,  as  well  as 
the  potential  for  detailed  information  of 
this  type  from  satellite  remote-sounding 
instrumetits, 

ATMOSPHERIC  PREDICTION 

Basic  research  studies  in  atmospheric 
jirediction  have  concentrated  on  imiirov- 
ing  the  representation  of  moist  physical 
processes  in  global  and  regional  scale 
atmospheric  models.  Concurrently,  explor¬ 
atory  development  programs  have  fo¬ 
cused  on  the  development  and  evaluation 
of  global  and  regional  layered  cloud-fore- 
cast  techniijues  and  computer-compatible 
mesoscale  techniijues  and  models  which 
will  firovide  point  and  area  forecasts 


of  surface  wind  and  sensible  vseather 
(cloixls,  visibility,  precipitation)  for  time 
periods  out  to  12  hours.  Techniques  and 
models  under  development  are  expected  to 
have  the  potential  of  operational  applica¬ 
tion  in  the  Air  Weather  Service  (AWS) 
at  either  the  Global  Weather  Central 
lAF'GWC)  or  at  the  nearly  200  base  weath¬ 
er  stations  which  AWS  mans  around  the 
world.  Consideration  is  given  to  the  capa¬ 
bilities  and/or  limitations  of  current  and 
future  systems  in  the  formulation  of  mod¬ 
els  (techniques).  Other  studies  examine 
the  benefits  that  could  accrue  to  opera¬ 
tions  if  the  system  capabilities  were  ex- 
|)anded  beyond  present  operational  limits, 
particularly  as  regards  additional  data 
sources. 

Global  Dynamic  Modeling:  Much  of  the 
progress  attained  during  the  past  two  to 
three  decades  in  weather  forecasting  ac¬ 
curacy  can  be  attributed  to  advances  in 
numerical  simulation  models  of  broad- 
scale  weather  circulation  patterns.  The 
accuracy  of  the  numerical  models  depends 
on  three  factors:  (1)  the  accuracy  or  com¬ 
pleteness  of  the  physical  laws  governing 
atmospheric  interactions,  (2)  the  accuracy 
with  which  the  mathematical  statements 
expressing  the  physical  laws  are  carried 
out  computationally,  and  (3)  the  adequacy 
of  databa.ses  u.sed  to  initialize  the  models. 
The  global  numerical  weather  prediction 
(N’WP)  program  at  AFGL  uses  a  research- 
grade  spectral  model  of  the  global  atmo¬ 
sphere  w'hich  follows  closely  the  structure 
of  many  other  multi-layer  spectral  models. 
With  global  spectral  models  (GSM),  hori¬ 
zontal  variations  are  represented  by  val¬ 
ues  in  discrete  layers.  The  basic  equation 
set  includes  the  equations  of  motion  in 
sigma  coordinates,  momentum  (represent¬ 
ed  by  absolute  vorticity  and  divergence), 
continuity,  and  hydrostatic  and  thermody- 


namic  equations  (the  last  two  in  forms 
suited  to  Arakawa  vertical  differencing). 

Certain  subgrid-scale  physical  pro¬ 
cesses  must  be  accommodated  within 
larger  scale  numerical  simulation  mod¬ 
els  through  procedures  known  as  pa¬ 
rameterization.  In  establishing  a  base¬ 
line  model  at  AFGL,  we  adopted  the 
global  spectral  model  implemented  oper¬ 
ationally  at  AFGWC  as  a  point  of  depar¬ 
ture.  The  parameterized  physical  pro¬ 
cesses  in  it  fall  into  three  broad  catego¬ 
ries;  boundary  layer  processes;  moisture 
physics,  including  conv’ective  adjust¬ 
ment  and  large-scale  saturation  effects; 
and  subgrid-scale  diffusion. 

Research  and  development  with  the 
GSM  involves  a  substantial  amount  of 
computer  simulation  running  with  large, 
global  data-bases.  Two  computer  systems 
are  being  used  for  these  purposes:  (1)  a 
CYBER  860  at  AFGL  for  the  preliminary 
testing  of  new  procedures  in  the  model’s 
software  and  for  the  anal>sis  and  evalua¬ 
tion.  after  the  fact,  of  model  performance 
data  and  (2)  a  CRAY-1  computer  at  the  Air 
Force  Weapons  Laboratory  for  the  actual 
model  simulation  experiments.  Two  five- 
day  periods  that  are  part  of  the  First 
Global  GARP  Experiment  (FGGE)  data¬ 
base  are  being  used  to  test  the  perfor¬ 
mance  of  the  GSM  in  generating  pre¬ 
dictions  of  geopotential  height,  wind, 
temperature,  and  water  vapor  for  time 
periods  out  to  96  hours. 

FGGE  was  designated  as  a  period  of 
intense  international  cooperation  in  1979 
during  which  atmospheric  and  oceano¬ 
graphic  observational  field  programs 
were  undertaken  to  provide  a  “state-of- 
the-science"  databa.se  of  operational  and 
research-grade  measurements  to  support 
a  wide-range  of  global  and  regional  re¬ 
search  and  development  purposes.  The 
FGGE  database  has  become  the  basis  for 


major  numerical  weather  prediction 
(NWP)  modeling  research  and  develop¬ 
ment  efforts  world-wide.  For  studies  con¬ 
centrating  on  cloud  and  moisture  process¬ 
es  and  prediction  globally,  it  is  particular¬ 
ly  ideal  when  augmented  by  the  highly- 
detailed  3D  cloud  (neph)  analysis  fields  of 
AFGWC. 

Earlier  studies  with  the  baseline  GSM 
had  demonstrated  that  moisture  forecasts 
are  the  least  skillful  aspect  of  the  model, 
exhibiting  only  minimal  skill  at  all  fore¬ 
cast  intervals  from  12  to  96  hours.  This 
problem  was  attributed,  in  part,  to  the 
poor  quality  of  the  analyzed  FGGE  mois¬ 
ture  fields,  to  the  moisture  physics  param¬ 
eterization  schemes,  and/or  to  the  vertical 
advection  and  interpolation  schemes  for 
the  model’s  moisture  variable,  specific 
humidity. 

Objective  Analysis  and  Data  Assimila¬ 
tion:  The  accurate  global  depiction  of 
atmospheric  variables  (height,  wind,  tem¬ 
perature,  humidity,  and  clouds)  is  crucial 
to  the  initialization  of  global  NWP  models. 
During  the  period  of  this  report,  particu¬ 
lar  attention  has  been  paid  to  the  objective 
procedures  used  to  first  analyze  and  then 
assimilate  humidity  information.  To  that 
end,  five-day  experiments  were  conducted 
to  assess  the  impact  of  alternative  sources 
of  humidity  information  on  the  accuracy 
of  global  relative  humidity  analyses.  The 
sources  considered  were:  satellite  mois¬ 
ture  retrievals,  surface  weather  observa¬ 
tions,  and  the  AFGWC  3-D  nephanalyses 
(cloud  amounts).  Collocation  studies  were 
conducted  to  compare  each  of  their  esti¬ 
mates  of  humidity  with  radiosonde  values. 
While  humidities  inferred  from  surface 
weather  observations  and  the  3-D  neph¬ 
analyses  were  found  to  agree  well,  the 
TOYS  moisture  retrievals  were  not  and 
were  excluded  from  further  study.  Subse- 


(|Uf‘iit  iiiclu>i(iii  ill  llit‘  li'liilial  analyses 
(Iciiiiiiislcalfil  ilial  Uic  -M'  iu.'pliaiialyM'> 
ill  particular  lia  1  a  licncficial  impact  mi  tin- 
analyses  at  all  Ifx'cl.'-  rrmii  Iniiu  n,  nii,. 

Tin-  AKtil,  (iSM  with  \i-r\  simplit'it-il 
phxsio  rcprcsmitalimis  xxa.-'  then  >11!)- 
jecteil  lu  a  series  et'  Is-limir  ^imlllati'ln 
experiments  after  lieiiiLf  Init  lali/.eil  with 
different  hnnnditc  I'ielde.  Withmit  cniwee- 
tive  adjimtnient,  the  medel  xx’a>  fmirid  te 
he  hiru'ely  illeelieltixe  tn  the  specificalimi 
uf  inititil  humidity.  .\  ( iSM  with  cmivectixe 
adjustment  reeiilted  in  hetter  fma-casts 
■'A  hen  an  analysi'  hased  mi  d  [t  nephanai 
ysis  and  radinsmide  humidity  ehserx'atimis 
vxas  use(|  (d  initialize  the  medel.  The 
relatix'e  msensitix-uy  of  the  furecast  inmlel 
til  xariatimi'  in  initialized  humidity  fields 
pmnt,'  t"  ilk'  tu-ed  tn  enhance  mnist  pliysi- 
c;d  parameteriz.atimis  In  the  nmdxd  in 
i-mijunctimi  xxdlh  tlu-  enhtinced  humidity 
tintdx'ses. 

Planetary  Boundary  Layer  Processes: 

For  sitiifilicity.  rimsl  y,d<ili;il  circuhition 
models  neglect  tlie  influenct-  of  surfat.'e 
moisture  fltix  oxer  land  ln-i.-ause  they  are 
mttinly  conemmed  xxitli  tlie  prediction  of 
mttss  and  motion  fields  and.  perluips,  pre- 
(•i()iUiUon.  In  the  iiuesl  for  ^dolitil  models 
tailored  for  moisture  ;uid  cloud  forecast¬ 
ing.  surface  moisture  flu.x  ciiii  have  imjior- 
tant  influences  on  the  diurnal  develop- 
mi'iit  of  the  planetary  houndary  layer, 
rtdated  low  cloud  fields,  and  mass  and 
motion  pJitterns  m  irenertil.  Considerahle 
research  has  been  concentrated,  there¬ 
fore,  on  the  development  of  models  for 
stahility-depiendent  potentitil  eviipiortilion, 
for  soil  hydrology,  for  potentitd  eva)iora- 
tion,  for  tfiinspiration.  anil  the  canojiy 
waiter  hudttet  in  tlie  ;itmos|)heric  hound¬ 
ary  layer.  In  ticcountinyr  for  surface  heat 
and  moisture  fln.xes  over  land.  snow,  and 
ice  (as  'veil  as  over  water,  as  is  commonly 


done  m  o|ierational  models),  the  houndary 
layer  model  (1>1,M)  includes  a  diurnal  cycle 
and  a  surface  eiier^ry  imd^et  calculation. 
It  has  heeii  structured  to  account  for 
surface  alhedo.  soil  type,  snow  ice  charac¬ 
teristics.  and  ve>retatlou  type.  .As  such,  it 
explicitly  pta-dicts  hour-hy-hour  the  depth 
Ilf  the  houndary  layer,  tlu-  e;round  surface 
lor  skin)  temperature,  air  tem[i(‘rature 
)ust  aiiove  the  .Ltround.  soil  tenijn'rature 
and  moisture,  and  houndary  layi'r  winds, 
stahjiity.  and  cloud  amount. 

In  order  to  .iccommodate  the-  additional 
features  represented  hy  the  new  hound¬ 
ary  layer  |)rocedure.  the  .XKdl,  (IS.M  was 
restructured  xi-rtically  to  provide  tfi-eater 
resolution  in  the  lower  trojiosphere.  In- 
creasin.u'  the  vertical  layering  in  the 
hotindary  layer  nietuu  decreased  layering 
in  the  str;itos]iheric  region  in  order  to 
I'l'tain  a  structure  with  a  total  of  twelve 
layers.  Fori'cast  simuliition  experiments 
were  conducted  witlt  the  IhT'.t  F(l(iP>  data 
sets  suhstituting  the  new  HLM  for  the 
versioji  in  tlie  operatiomil  model.  The  fig¬ 
ure  illustrates  the  dynamic  response  of 
the  global  prediction  model  to  the  new 
HLM  at  mie  pjirticuhir  geographic  location 
(netir  Omaha,  Xehniska)  oxer  a  four-day 
|ieriod.  ihirticularly  noteworthy  is  the  altil- 
ity  to  replicate  tlie  diurnal  variation  of  the 
depth  of  the  boundary  layer  xvhich  is 
typically  slialloxx  at  night  and.  tis  illustrat¬ 
ed  here,  can  he  siwi'ral  kilometers  thick  on 
some  days  and  less  so  on  others  depend¬ 
ing  on  broader  scale  environmenttil  condi¬ 
tions. 

Cloud-Radiation  Interactions:  .Another 
factor  neglected  in  many  global  circula¬ 
tion  modrds,  hut  one  that  has  greater 
importance  when  the  model’s  purfiose  is 
moisture  and  cloud  forecasts,  is  radiation 
effects.  .A  liroailhand  emissivity  and  ah- 
sor))tivity  approach  was  used  to  develop  a 


l)iuriial  Variation  over  l-ocal  Standard  Time  (I,ST)  of  tiround  Surface  Temj)erature  (Tsfci,  Lowest/ 
Atmospheric  Layer  Temperature  (Tair  at  AOm).  and  Boundary  Layer  Leplh  (Hpld)  at  a  Liven  Lrid  5'oint  in  a  4- 
day  forecast  of  the  AFLi,  Glol)al  Spectral  Model  with  the  OSl'  PBL  Model  Included. 


computationally  reasonable  parameteriza¬ 
tion  model  to  account  for  the  transfer  of 
thermal,  infrared,  and  solar  radiation  in 
clear  and  cloudy  atmospheres.  The  emis- 
sivity  for  the  individual  absorption  bands 
was  derived  either  from  band  models  (wa¬ 
ter  vapor  and  ozone)  or  line-by-line  data 
(carbon  dioxide).  High  clouds  in  the  atmo¬ 
sphere  were  treated  as  non-black  and  their 
emissivity,  transmissivity,  and  reflectivity 
were  parameterized  in  terms  of  their  ver¬ 
tical  ice  content.  Solar  radiation  was  ac¬ 
counted  for  by  developing  broad-band  ab¬ 
sorptivity  for  water  vapor,  carbon  dioxide, 
and  ozone.  Cloud  reflection  and  transmis¬ 
sion  properties  were  parameterized  in 
terms  of  liquid  water  content  and  solar 


zenith  angle.  These  properties  were  then 
used  to  compute  upward  and  downward 
radiative  fluxes  for  clear  and  cloudy  atmo¬ 
spheres  having  one  or  two  layers. 

The  principal  impact  that  properly  ac¬ 
counting  for  the  effects  of  solar  and 
terrestrial  radiation  has  in  a  GSM  is  net 
radiative  cooling  in  the  troposphere  (par¬ 
ticularly  in  the  tropics)  and  slight  heating 
in  the  tropical  stratosphere.  This  is  illus¬ 
trated  in  the  figure,  which  depicts  the 
zonally-averaged  24-hour  radiative  tem¬ 
perature  tendency  from  pole-to-pole  based 
on  two  model  simulations,  one  accounting 
for  cloud-radiation  effects  and  the  other 
not.  In  nature  (and  hopefully  in  a  numeri¬ 
cal  simulation  model)  the  net  cooling  ef- 
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"t  )•;l(liati\ ('  jinn't'.'Si's  art'  iiftsct  ur 
lialaiit'i'il  li\'  hcatiii}:'  'lur  in  t'XfliaiiKlt'  pfn- 
(■i'.-;,<t's  in  ihi.'  liinuiilarv  la,\i‘r  and  ctinvec- 
livt'  I'liiud  priK't'ssfs,  Thus,  addin)z'  prnct*- 
durt'S  in  ilin  tnndcl  In  art'iunU  fo;  nel 
radiaUs’f  fimlinK:  iias  in  tin  i.'nnipltinu'nted 
iiy  appriipriatf  nindificalinns  tn  ttin  iitlifr 
rninpiiiu'nis  as  well.  It  is  in  this  arna  that 
rt'St'affh  with  thn  is  prusniitly 

hfintr  ciiniluctt'd. 

Mnisi  physical  jiniccsscs  in  the  atnio- 
spIitTc  typically  uccur  on  spatial  scales 
smaller  than  tlie  scale  that  can  he  resolced 
hy  a  ttl'ihal  preiliction  inedel.  Thus  their 
effect."  are  siimilaled  \  ia  a  parameteriza- 
tim,  prnces."  that  seeks  in  account  for  the 
suh-)iriii  scalt'  events  on  the  spatial  scale 
of  the  model.  The  third  area  that  such 
rest'arch  has  heen  focusing:  on  is  the 
treatment  of  cumulus  convection  where 
the  effects  of  condensation,  evaporation, 
and  the  vertu.'al  transport  of  heat  and 
moislure  hy  cumulus  clouds  is  accounted 
for  on  th<-  mode)  trrid.  The  nlijrctivi'  of  the 
r7iodificalions  made  to  the  existintr  proce¬ 


dures  was  to  (k'sion  a  procedure  lietier 
suited  to  cloud  and  moisture  [irediction 
;md  less  focused  on  convectiv'e  precipitti- 
tion.  To  th;it  end,  an  alternati\i'  ptirtition- 
in,U'  of  calcuhition  of  the  vertical  (convec¬ 
tive)  advection.  of  potmitial  tem})erature 
(heat),  and  specific  humidity  w;is  devel¬ 
oped.  In  addition,  'lie  proceduri'  now  incor¬ 
porates  tlu‘  explicit  calculation  of  the  con¬ 
vective  cloud  top  heipilit  based  on  convi'c- 
tive  strentrlh  ;ind  envirotimental  stahilitv 
and  more  com[)letely  accounts  for  the 
effects  (d’  <lry  air  entniinment  on  the 
c!<iud's  lieatiiip-  atid  moistenin.u'  profiles. 

Here,  apmin,  triohal  forectist  simulations 
ha\i'  heen  run  usinp’-  the  lt)7i)  FtKiH  data 
sets.  In  comptirinp:  model  runs  with  the 
new  cumulus  convection  procedure,  there 
is  a  notici'uhle  increase  in  the  tflnhally- 
averatted  convective  precipitation  rate 
durinjz:  the  first  12  hotirs  of  the  simula¬ 
tion.  [)urinjt:  the  remainintf  F4  hours  of  the 
!t()-hour  simulation,  the  moiiel  tends  to 
systen  atictilly  dry  out  (produce  less  ami 
ii..;.;  precipitation).  However,  when  the 
new  boundary  layer  procedure  ant!  the 
cloud-radiation  prttcedure  are  also  added 
to  the  model,  the  increased  precipitation 
generation  is  maintained  throughout  the 
simuhition  period.  While  the  research  pro¬ 
gram  is  in  its  very  earliest  stage  of  testing 
the  integrated  effect  of  the  new  moist 
physics  [irocedures.  and  the  results  and 
conclusions  reached  must  he  viewerl  as 
lireliminary.  there  are  clearly  positive  ;ind 
complementary  attributes  added  to  the 
AFHF  GSM  with  the  new  physics  rou¬ 
tines.  The  more  extensive  boundary  layer 
treatment  to  include  exchange  processes 
over  land  and  snow/ice  areas,  as  well  as 
over  ocean  areas,  is  jiroviding  a  means  of 
transporting  heat  and  moisture  into  the 
lower  troposphere  wdiere  convective  pro¬ 
cesses  can.  where  appropriate,  distribute 
them  vertically  through  an  environment  in 
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which  the  effects  of  radiative  heatinj;:  and 
cooling  processes  are  being  accounted  for. 

Regional  NWP  Models;  The  operational 
Air  f'orce  requires  cloud  forecasts  on 
horizontal  scales  (50-100  km)  that  can  only 
be  obtained,  computationally,  through  the 
use  of  limited-area  or  regional  NWP  mod¬ 
els.  Because  there  has  been  substantial 
interest  internationally  in  forecast  ng 
mass,  motion,  and  precipitation  on  these 
scales,  there  is  ample  evidence  that  re¬ 
gional  models  can  indeed  deliver  useful 
and  more  detailed  forecasts  of  these  vari¬ 
ables  out  to  48-00  hours.  Here,  again,  the 
main  USAF  interest  is  for  cloud  and 
moisture  forecasts,  where  little  emphasis 
has  been  placed  up  to  now. 

We  undertook  the  development  of  a 
research-grade  relocatable  limited-area 
NWP  model  (called  RLAM),  structured  in 
a  fle.xible  modular  fashion  to  accommo¬ 
date  testing  and  experimentation.  As  with 
the  GSM,  the  principal  research  and  devel- 
o[)ment  focus  will  be  on  the  impact  of 
alternative  moist  physics  processes  on 
model  performance.  In  view  of  the  likely 
sensitivity  of  the  cloud  and  moisture  fore¬ 
casts  to  numerical  and  dynamic  factors,  as 
well  as  moist  physics,  a  modular  structure 
has  also  been  used  for  those  aspects.  The 
RLAM  would,  in  an  oi;erational  forecast¬ 
ing  setting,  be  executed  in  a  nested  frame¬ 
work  using  initial  and  boundary  condi¬ 
tions  from  a  GSM.  Two  or  more  options 
exist  for  solving  each  of  the  following 
components  of  the  RLAM:  vertical  discre¬ 
tization,  horizontal  discretization,  time  in¬ 
tegration,  lateral  boundary  conditions  and 
filtering.  The  initial  version  of  the  model 
contains  separate  routines  to  activate  a 
simple  moist  convection  .scheme,  a  dry 
convective  adjustment,  and  a  simple 
boundary  layer  flux  of  momentum  and 
temperature  over  water. 


Tests  of  various  versions  of  RLAM  thus 
far  have  involved  intercomparisons  with 
the  predicted  fields  of  an  operational  re¬ 
gional  model  and  the  GSM.  This  testing 
has  uncovered  a  number  of  computational 
issues  related  to  model  execution  time  and 
the  extent  to  which  smoothing  procedures 
have  to  be  applied  in  order  to  maintain 
numerical  stability  in  the  model  simula¬ 
tion.  The  current  physics  routines  have 
been  found  to  produce  boundary  layer 
fluxes,  moist  convection,  and  precipitation 
in  reasonable  agreement  with  the  opera¬ 
tional  regional  model’s  fields.  With  the 
establishment  of  a  functioning  RLAM,  a 
series  of  experiments  is  being  prepared 
which  w'ill  lead  to  the  test  and  evaluation 
of  the  impact  of  the  advanced  physics 
routines  (described  earlier  in  the  discus¬ 
sion  on  global  dynamic  modeling). 

Mesoscale  NWP  Models:  A  research 
program  is  underway  to  develop  generic 
mesoscale  NWR  models  for  cloud  and 
precipitation  forecasting  applications  at 
both  AFGWC  and  in  base  w’eather  sta¬ 
tions.  The  basis  of  these  studies  is  a  three- 
dimensional  hydrostatic,  moist  primitive 
equation  model  which,  in  its  first  form  for 
testing,  was  initialized  with  a  single  radio¬ 
sonde  and  modified  by  underlying  terrain 
variation.  The  model  structure  consists  of 
lb  terrain-following  surfaces  and  a  square 
domain  spanning  500  km  with  a  grid 
resolution  of  20  km.  Initial  testing  of  the 
model  using  special  data  collections  in 
central  Texas  during  NASA’s  AVE-VAS 
[)rogram  revealed  a  number  of  model 
weaknesses.  These  problems  appeared  to 
stem  from  the  initialization,  the  lateral 
boundary  conditions,  and  the  treatment  of 
surface  energy-budget  terms.  An  alterna¬ 
tive  to  the  single-sounding  initialization 
approach  was  studied  wherein  a  network 
of  relatively  dense  surface  observations 
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\v;is  used  in  conjunction  with  the  sinjjle 
s(iun(lint4  to  initialize  model  fields  through 
the  houndary  layer.  While  this  simple 
hkmding  approach  yielded  improvements 
for  potential  temperature  and  mi.xing  ra¬ 
tio,  the  initialized  wind  fields  were,  in  fact, 
degraded.  Researcti  is  [iresently  focusing 
on  refinements  to  this  approach  to  re¬ 
solve,  in  particuhir,  the  inherent  weak¬ 
nesses  that  exist. 

Regarding  hiteral  houndary  conditions, 
three  alternative  treatments  are  being 
evalutited  for  meso-beta  scale  models  of 
the  type  being  used.  The  alternatives  are; 
a  combiiuition  of  fixed  pressure  and  ther¬ 
modynamic  boundaries  and  extrapolated 
velocity  l)Oundaries,  a  sponge  boundary 
which  absorbs  waves  by  reducing  their 
phase  speed  as  they  approach  the  bound¬ 
ary,  and  radiation-type  boundaries  which 
seek  to  allow  unwanted  wave  distur¬ 
bances  to  propagate  out  of  the  model 
domain  with  no  reflection  at  the  boundary. 
Both  one-dimensional  and  three-dimen¬ 
sional  model  simulations  have  been  used 
to  evaluate  the  alternatives.  Analytical 
one-dimensional  shallow  water  models 
provide  a  fast,  computationally  efficient 
means  to  initially  lest  w'ays  to  incorporate 
global  forcing  in  lateral  boundary-condi¬ 
tion  formulations.  The  testing  with  3-D 
models  completed  thus  far  has  used  a  dry, 
hydrostatic  model  and  has  focused  primar¬ 
ily  on  multi-dimensional  (1-,  2-  and  3-D) 
radiation  conditiujjs.  Numerical  instabili¬ 
ties  related  to  the  vertical  component  of 
wave-phase  speed  and  complications  due 
to  unrealistic  dei)letion  of  mass  in  the 
model  integrations  have  limited  the  extent 
to  which  a  selection  of  the  preferred 
boundary  condition  for  meso-beta  scale 
XWP  models  can  be  made. 

Lastly,  research  is  concentrating  on  the 
formulation  of  methods  of  accounting  for 
diurnal  variations  of  ground  surface  tem¬ 


perature  in  order  to  more  properly  model 
the  fluxes  of  energy  from  the  surface  into 
the  boundary  layer  of  a  mesoscale  NWP 
model.  To  this  end,  a  soil-slab  model  has 
been  formulated  using  the  so-called  force- 
restore  method.  It  explicitly  specifies  the 
diurnal  variation  of  ground  surface  tem¬ 
perature  which  in  turn  drives  the  calcula¬ 
tion  of  .soil  heat  flux.  The  framework  of 
the  soil-slab  model  allows  numerical  sensi¬ 
tivity  tests  of  relevant  physical  process; 
e.g.,  the  response  of  surface-temperature 
amplitude  and  pha.se  to  moisture  availabil¬ 
ity,  surface  roughness,  and  thermal  capac¬ 
ity. 

Mesoscale  Prediction  Techniques:  Im¬ 
provements  in  mesoscale  (or  short-range) 
weather  prediction  can  be  tied  to  a  more 
complete  description  of  the  atmosphere  at 
observation  time  and  changes  in  its  recent 
past.  The  extent  of  spatial  and  temporal 
detail  incorporated  into  this  capability, 
generally  referred  to  as  “nowcasting,”  is 
largely  dependent  on  the  basic  data 
sources  used  in  the  analysis.  At  this  point 
of  technology  development,  the  potential 
of  combining  conventional  surface  and 
radiosonde  observations  with  digital  satel¬ 
lite  (imagery  and  sounding)  and  radar 
imagery  (Doppler  and  conventional)  offers 
promise  of  substantial  improvement  in  our 
ability  to  more  completely  describe  the 
state  of  the  atmosphere  (nowcast).  That 
|)otential  is  greatest  in  mesoscale  meteor¬ 
ology  with  geosynchronous  satellite 
(GOES-type)  data  (which  provides  practi¬ 
cally  continuous  views  of  the  same  geo¬ 
graphical  area  at  half-hour  intervals),  with 
the  use  of  minicomputer-based  interactive 
graphics  systems,  and  with  the  viable 
emergence  of  meso-  and  cloud-scale  NWP 
models. 

The  products  of  the  nowcasting  studies 
are  computer-generated  descriptions  of 
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the  state  of  the  atmosphere  derived  from 
successively  more  complete  data  sets. 
They  provide  the  basic  input  to  short- 
range  (mesoscale)  prediction  models.  Mod¬ 
els  must  be  tailored  to:  (1)  the  limitations 
of  the  nowcast  data  sets,  (2)  the  forecast 
range  of  interest,  (3)  varying  levels  of 
sophistication  in  the  treatment  of  the 
physics  of  the  prediction  problem,  and  (4) 
limited  computer  capacities.  The  principal 
determinant  for  the  approach  taken  for  a 
particular  forecast  model  is  forecast 
range.  For  the  very  short-range  prediction 
(0  to  h  hours),  fairly  simple  extrapolation/ 
translation  models  are  most  appropriate 
because  more  complete  numerical  models 
can  never  be  expected  to  be  executed 
operationally  in  a  timely  enough  manner 
to  be  useful. 

The  main  constraint  placed  on  these 
development  efforts  relates  to  their  poten¬ 
tial  application  within  planned  AWS  mini¬ 
computer  systems  with  or  without  an 
interactive  graphics  capability.  This 
means  that  the  techniques  under  consider¬ 
ation  are  either  objective  (completely  com¬ 
puter-generated)  or  interactive  (assume  a 
trained  forecaster  using  computerized 
procedures  to  assist  in  the  prediction  solu¬ 
tion).  The  goal,  again,  is  to  develop  models 
for  point  and  area  forecasts  of  winds  and 
sensible  weather  for  time  periods  out  to  12 
hours. 

Expert  Systems:  The  science  of  short- 
range  weather  forecasting  is  based,  to  a 
very  large  extent,  on  the  diagnostic  and 
interpretive  skills  of  professional  meteor¬ 
ologists.  The  process  through  which  they 
assimilate  fragmented  pieces  of  data  on 
complex  and  evolving  weather  systems  is 
itself  complex  and  molded  through  experi¬ 
ence.  It  is  based  on  known  physics  princi¬ 
ples,  supplemented  by  a  pragmatic  knowl¬ 
edge  of  the  complex  interrelationships 


understood  to  exist  in  the  atmosphere  in 
space  and  time  and  fine-tuned  through  an 
experience-data-base  structured  in  one 
form  or  another  on  forecasting  rules  or 
guidelines  acquired  on  one’s  own  or 
learned  from  others.  In  principle,  then,  the 
problems  in  short-range  weather  forecast¬ 
ing  may  be  amenable  to  exploitation  by 
artificial  intelligence  or  expert  system 
computer  methods. 

Short-range  (0  to  6  hour)  forecasting  of 
in-theatre  conditions  can  depend  heavily 
on  the  effective  gathering,  interpretation, 
and  application  of  environmental  informa¬ 
tion.  The  volume  of  data  potentially  avail¬ 
able  to  the  operational  forecaster  through 
modernized  computer-based  weather  sup¬ 
port  systems  coming  into  the  AWS  inven¬ 
tory  within  the  next  5-10  years  presents  a 
human  information  processing  challenge 
of  substantial  proportions.  Two  studies 
were  undertaken  to  evaluate  the  potential 
of  artificial  intelligence,  or  expert  system, 
approaches  to  aiding  weather  forecasters 
in  effectively  evaluating  short-range  fore¬ 
cast  problems  in  a  timely  manner. 

In  one  study  a  prototype  expert  system 
for  the  classical  single-station  weather 
forecasting  problem  was  developed.  The 
skills  required  to  maximize  forecast  quali¬ 
ty  based  on  such  limited  data  are  being 
lost  because  of  the  growing  sophistication 
of  numerical  weather  prediction  models, 
statistical  forecasting  methods,  and  data 
assimilation /communication  systems. 
However,  single-station  forecasting  skills 
continue  to  have  applications  in  (1)  mili¬ 
tary  scenarios  involving  remote  locations 
that  may  encounter  communications  inter¬ 
ruptions;  (2)  improving  local  short-range 
forecasting,  both  in  terms  of  forecast 
quality  and  forecaster  skills;  and  (3)  pro¬ 
viding  station  data  interpretation  as  a  part 
of  a  much  larger  meteorological  expert 
system  that  would  accept  input  from  nu- 


mecical  models,  radar,  satellites,  and  oth¬ 
er  sensors.  Protocol  for  the  expert  system 
was  collected  by  having;  a  meteorolopfist 
experienced  in  sinp:le-station  forecastinjr 
yn'epare  forecasts  for  a  number  of  case 
studies  fron>  archived  data.  The  prototype 
used  an  expert  system  building  shell 
which  allows  the  use  of  forward  and 
backward  chaining  rules,  frames,  and  oth¬ 
er  functions  and  procedures  which  can  be 
written  in  LISP.  The  initial  prototype 
performed  as  an  experienced  meteorolo¬ 
gist's  assistant  and  included  an  extensive 
use  of  grajihics. 

The  second  study  focused  on  the  predic¬ 
tion  of  low  visibility  due  to  fog  at  three 
military  bases  in  the  mid-Atlantic  region 
(Dover  .AFB.  DE;  Seymour  Johnson  APB, 
XC;  and  Fort  Bragg,  X’C).  vSeparate  rule- 
based  expert  systems  were  developed  for 
each  location  based  on  synoptic  and  suh- 
synoi)tic  reasoning,  guidelines  available  in 
local  forecast  studies,  and  by  interviewing 
exi)erienced  weather  forecasters  at  the 
bases.  The  rules  were  organized  into  a 
decision-tree  type  of  structure,  augment¬ 
ed  by  evaluating  historical  low-visibility 
events  and  evaluated  via  a  two-month 
system  utilization  phase  in  each  of  the 
identified  USAF  base  weather  stations. 
Based  on  the  results  of  the  two  feasibility 
studies,  it  can  be  conc'uded  that  short- 
range  weather  forecasting  is  an  area 
where  the  attributes  of  expert  systems 
can  be  utilizefl  o[)erationally,  following 
more  rigorous  an<l  extensive  development 
efforts. 

SATELLITE  METEOROLOGY 

The  performance  of  many  Air  Force 
systems  can  be  strongly  affected  by  the 
geophysical  environment.  For  this  reason, 
invest'  "  ’  is  into  improving  methods  of 
r>bserving  and  predicting  meteorological 


conditions  continue  to  be  a  significant 
element  of  the  research  program  carried 
out  by  AFGL.  Research  in  satellite  mete¬ 
orology  is  focused  on  a  broad  range  of 
remote-sensing  areas  in  an  effort  to  pro¬ 
vide  the  Air  P'’orce  wdth  ever-improving 
capabilities  of  acquiring  and  analyzing 
real-time  environmental  satellite  data. 

Projects  in  satellite  meteorology  include 
improved  satellite  image-processing  tech¬ 
niques  for  the  automated  analysis  of 
clouds,  the  investigation  of  infrared  and 
microwave  spectral  regions  for  retrieving 
atmospheric  temperature  and  water  vapor 
profiles,  and  the  assessment  of  incorporat¬ 
ing  satellite  data  to  provide  moisture  pa¬ 
rameters  for  numerical  weather  predic¬ 
tion  (NWP)  models.  Most  of  the  data  for 
these  studies  comes  from  the  primary 
sensors  onboard  meteorological  satellites, 
including  polar-orbiting  Defense  Meteoro¬ 
logical  Satellite  program  (DMSP)  and  Na¬ 
tional  Oceanic  and  Atmospheric  Adminis¬ 
tration  (NOAA)  spacecraft  and  also  from 
the  NOAA  Geostationary  Operational  En¬ 
vironmental  Satellite  (GOES).  Data  from 
each  satellite  are  used  for  different  pur¬ 
poses.  but  they  all  yield  information  indis¬ 
pensable  for  assessing  the  state  of  clouds 
and  weather  within  the  atmosphere. 

An  important  tool  used  by  the  Satellite 
Meteorology  Branch  in  the  past  has  been 
the  Man-computer  Interactive  Data  Ac¬ 
cess  System  (McIDAS)  and,  more  recent¬ 
ly,  the  AFGL  Interactive  Meteorological 
System  (AIMS).  Currently  under  develop¬ 
ment.  AIMS  is  a  networked  system  of 
minicomputers  and  image-processing 
workstations  designed  to  acquire,  process, 
manage,  and  display  satellite  imagery 
along  with  conventional  meteorological 
surface  and  upper-air  weather  data  in  real 
time.  The  interactive  capabilities  of  AIMS 
allow  AFGL  scientists  to  display  research 
results  on  a  color  monitor  and  readily 
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compare  those  results  with  the  supporting 
data  used  to  generate  them.  Limitations  to 
research  algorithms  are  identified  and 
corrected  using  such  interactive  capabili¬ 
ties. 

Cloud  Analysis  Using  Nighttime  Multi- 
spectral  Imagery:  The  most  significant 
problerri  facing  cloud  analysis  based  on 
satellite  data  is  finding  low  clouds  and 
fogs  by  using  thermal  channels.  There¬ 
fore,  a  multispectral  nighttime  low-level 
cloud  analysis  method  was  developed.  The 
analysis  technique  was  tested  using  mul¬ 
tispectral  infrared  imagery  from  Channels 
3  (3.7  pm),  4  (10.  7  pm),  and  5  (11.8  pm)  of 
the  OAA-7  Advanced  Very  High  Resolu¬ 
tion  Radiometer  (AVHRR)  to  generate 
cloud  amounts  and  cloud  top  heights  for 
sub-pixel  resolution  clouds,  i.e.,  for  clouds 
which  only  partially  fill  a  satellite  sensor’s 
field  of  view.  Motivation  for  this  work  has 
come  from  the  success  of  the  AVHRR  in 
identifying  low  clouds  over  the  oceans  at 
night  as  part  of  an  automated  sea  surface 
temperature  (SST)  retrieval  process.  A 
model  for  upwelling  radiance  for  each  of 
the  three  spectral  regions  3.7  pm,  10.7  pm 
and  11.8  pm  was  written.  With  this  model 
it  is  possible  to  compute  upwelling  ther¬ 
mal  radiances  at  the  top  of  the  atmo¬ 
sphere,  given  background  temperature 
and  emissivity,  along  with  an  atmospheric 
temperature  profile.  From  the  radiances, 
an  algorithm  for  the  cloud  amount  and 
cloud-top  was  developed. 

Results  of  the  multispectral  window- 
channel  algorithm  for  cloud  analysis  dem¬ 
onstrated  its  soundness  and  success  in 
detecting  low  clouds  and  in  estimating 
their  tops  and  fractional  cloud  cwver  in 
nighttime  AVHRR  multispectral  imagery. 
Test  case  comparisons  using  manually 
selected  clear  and  cloud-filled  regions  of 
AVHRR  imagery  showed  good  agreement 


between  the  multispectral  analysis  results 
and  human  imagery  interpretations. 

Multispectral  Image-Processing  Tech¬ 
niques  Using  GOES  Data:  One  way  to 

differentiate  between  low  and  middle-level 
clouds  over  large  geographic  areas  in  a 
way  that  allows  for  easy  identification  is 
the  use  of  false  color  multispectral  imag¬ 
ery.  Multispectral  images  of  the  earth  and 
its  atmosphere  are  constructed  at  AFGL 
by  combining  images  from  three  channels 
of  the  GOES  Visible  Infrared  Spin  Scan¬ 
ning  Radiometer  (VISSR)  Atmospheric 
Sounder  (VAS)  and  NOAA  AVHRR  sen¬ 
sor  packages.  The  infrared  imaging  sen¬ 
sors  for  both  of  these  instruments  mea¬ 
sure  upwelling  infrared  radiances  cen¬ 
tered  at  3.7  jum,  10.7  fim,  and  11.8  iim.  In 
these  spectral  bands,  the  atmosphere  is 
nearly  transparent  and  cloud  and  terres¬ 
trial-surface  emissions  dominate  the  up¬ 
welling  radiance  measurements.  A  false 
color  image  is  constructed  by  allowing 
each  channel’s  individual  imagery  to  drive 
one  of  the  three  primary  colors  (red, 
green,  and  blue)  of  a  color  monitor.  Red  is 
driven  by  the  3.7  pm  imagery,  green  by 
the  10.7  pm  imagery,  and  blue  by  the  11.8 
pm  imagery.  To  produce  an  image  with 
dark  backgrounds  and  bright  clouds,  the 
lowest  brightness  temperatures  are  as¬ 
signed  the  brightest  intensities,  while  the 
highest  brightness  temperatures  are  as¬ 
signed  the  darkest  intensities,  where  the 
measured  brightness  temperature  for  a 
particular  channel  at  a  given  earth  loca¬ 
tion  governs  the  intensity  of  its  primary 
color.  When  the  three  colors  are  combined 
into  a  single  image,  the  result  is  a  false 
color  image. 

The  false  color  image  accentuates  sev¬ 
eral  striking  features  (see  the  figure). 
First,  there  is  an  excellent  land/sea  de¬ 
marcation  mainly  due  to  the  strong  con- 


N'OAA-T  AVHRR  :i.7  Imagery  for  June  11,  1982,  at  0800  GMT  over  South  Carolina.  (Note  how  well  the  fog 
(feature  .\i  contra.'^t.s  with  the  adjacent  cloudfree  land  (feature  B);  3.7  fjm  imagery  is  useful  for  the  detection  of 
nighttime  fog  and  low  clouds.  Contrasts  are  poor  between  low  clouds  and  cloudfree  land  or  oceans  in  longer- 
wavelength  10-12  fjm  imagery,  making  it  difficult  to  use  for  detection  of  low  clouds  and  fogs  at  night.  Next 
generation  IlMSP  meteorological  sensors  will  he  providing  imagery  at  3.7  pm.) 


tra.st  between  land  and  orean  .skin  temper¬ 
atures.  .Second,  low  clouds  appear  red- 
oratiRC  because  water  droplet  clouds  ap¬ 
pear  cooler  in  R.7  pm  imagery  than  in 
either  10.7  pm  or  11.8  pm.  Third,  hiph  thin 
cirrus  clouds  ajipear  turquoise  because 
proportionally  mort;  R.7  pm  radiance  emit¬ 


ted  from  surfaces  underneath  the  cirrus 
reaches  the  satellite  sensor  than  does 
either  10.7  pm  or  11.8  pm  radiances. 

Microwave  Studies:  Microwave  tech¬ 
niques  for  the  passive  and  active  sensing 
of  meteorological  parameters  from  space 
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are  bein}?  developed  at  AFGL.  Microwave 
instrument  systems  are  presently,  or  soon 
will  be,  flown  on  space  platforms.  The 
availability  of  the  microwave  data  will 
provide  the  key  input  for  investigations  of 
the  retrieval  of  atmospheric  temperature 
and  water  vapor  profiles,  microwave  im¬ 
aging,  and  multispectral  visible/ infrared/ 
microwave  image-processing  techniques. 

Radiative  transfer  of  microwave  radia¬ 
tion  (3-300  GHz)  through  clear,  cloudy, 
and  rainy  atmospheres  is  being  studied. 
The  theory  and  interpretation  of  this  up- 
welling  microwave  radiation  are  in  turn 
related  to  the  design  of  microwave  sen¬ 
sors  for  atmospheric  temperature  and  wa¬ 
ter  vapor  profiles,  and  for  the  detection  of 
rain  and  other  geophysical  parameters. 
These  parameters  are  of  importance  to 
Air  Force  operational  weather  forecasting 
and  numerical  weather  prediction  (NWP) 
techniques. 

A  new  sensor,  the  Special  Sensor  Micro¬ 
wave/Imager  (SSM/I),  is  an  “all  weather” 
meteorological  and  oceanographic  sensor. 
AFGL  was  the  initiator  and  technical 
leader  in  the  development  of  the  SSM/I. 
The  SSM/I  will  be  flown  on  an  operational 
spacecraft  of  the  DMSP,  scheduled  to  be 
launched  in  1987.  It  is  a  passive  scanning 
radiometer  which  measures  energy  emit¬ 
ted  from  the  earth-atmosphere  system  in 
seven  microwave  channels  with  an  earth 
swath  that  is  1394  km  wide.  The  seven 
channels  consist  of  four  frequencies  from 
19.35  GHz  to  85.5  GHz,  with  three  of  the 
four  frequencies  employing  both  vertical¬ 
ly  and  horizontally  polarized  channels. 
Relationships  among  the  brightness  tem¬ 
peratures  from  the  various  channels  pro¬ 
vide  a  means  to  determine  several  geo¬ 
physical  parameters. 

A  simulated  set  of  SSM/I  microwave 
brightness  temperatures,  provided  by 
Hughes  Aircraft  company,  is  being  used 


at  AFGL  to  develop  techniques  to  process 
and  display  SSM/I  data.  From  a  set  of 
microwave  brightness  temperatures,  val¬ 
ues  of  specific  environmental  parameters 
can  be  derived.  Image-processing  tech¬ 
niques  have  also  been  developed  to  display 
such  retrieved  parameters  on  AIMS  in  a 
clear  and  succinct  form. 

Automated  Cloud  Analysis:  The 

Air  Force  Global  Weather  Central 
(AFGWC)  at  Offutt  Air  Force  Base, 
Nebraska,  has  been  performing  opera¬ 
tional  cloud  analyses  on  a  global  scale 
since  January,  1970.  The  current  cloud 
analysis  model,  known  as  the  Real-Time 
Nephanalysis  (RTNEPH),  has  been  in 
use  since  August  1,  1983,  and  is  an  up¬ 
dated  version  of  the  original  3-Dimension¬ 
al  Nephanalysis  model  (3DNEPH)  de¬ 
scribed  by  Fye  (1978).  RTNEPH  routinely 
provides  a  global  analysis  of  total  cloud 
cover  and  cloud  layer  amount  for  a  variety 
of  operational  and  research  users.  Cloud 
analysis  is  performed  by  analyzing  satel¬ 
lite  imagery  from  the  DMSP  Operational 
Linescan  System  (OLS)  sensor  and  merg¬ 
ing  the  results  with  surface  observation 
reports.  AFGL  has  been  tasked  with  im¬ 
proving  the  satellite  data  processing  por¬ 
tion  of  the  RTNEPH  and  with  investigat¬ 
ing  the  addition  of  new  channels  to  the 
analysis. 

Several  problem  areas  have  been  identi¬ 
fied  with  the  RTNEPH  satellite  processor 
as  it  currently  exists.  The  visible  cloud- 
detection  algorithm  must  contend  with 
DMSP  satellites  that  fly  close  to  the 
terminator.  Visible  data  collected  near  the 
terminator  contain  nearly  saturated  re¬ 
gions  where  the  sensor  looks  back  toward 
the  sun.  For  this  reason,  the  visible  pro¬ 
cessor  of  the  RTNEPH  generally  ignores 
early  morning  visible  data.  However,  im¬ 
proved  models  of  bi-directional  reflectance 


may  allow  some  of  these  data  to  be  used 
by  the  RTNEPH.  The  infrared  cloud  de¬ 
tection  aljt:orithm  tends  to  fail  in  situa¬ 
tions  when  thermal  contrast  between  the 
cloud  and  tiie  background  is  weak,  such  as 
low  stratus  over  cold  oceati.  AFGL  scien¬ 
tists  have  shov\'n  that  tlie  addition  of  one 
or  more  thermal  channels  can  significant¬ 
ly  improve  the  iletection  of  low  clouds. 
Another  problem  area  in  the  RTNFiPH  is 
estimating  the  coverage  of  small-scale 
clouds.  Improvements  in  processing  visi¬ 
ble  data  may  lie  realized  by  a  new  algo¬ 
rithm  which  has  been  developed,  while 
impnnenients  in  processing  infrared  data 
are  possible  using  multicliannel  models. 

Theory  of  Differential  Inversion:  Satel¬ 
lite-based  techniques  for  remote  tempera¬ 
ture  sounding  of  the  atmosphere  may  be 
grouped  into  three  classes;  statistical, 
(ILiasi-physical,  and  the  truly  physical  us¬ 
ing  inverse  transfer  theory.  In  the  statisti- 
ciil  methods,  the  most  probable  tempera¬ 
ture  profile  is  sought  which  fits  the  ob¬ 
served  radiance  values.  The  physics  is 
completely  ignored.  In  the  quasi-physical 
approach,  of  which  the  Chahine  method 
may  serve  as  an  example,  an  initial  profile 
is  assumed  which  then  "relaxes”  to  the 
observed  radiances.  Only  the  last  method 
recognizes  the  fact  that  the  temperature 
profile  is  physically  specified  as  an  inverse 
transform  of  the  radiance  profile.  With 
the  differential  inversion  technique,  the 
temperature  inference  problem  has  re¬ 
ceived  its  solution  by  equating  the  temper¬ 
ature  at  an  atmospheric  level  to  a  linear 
sum  of  the  radiances  and  their  local  deriv¬ 
atives  weighted  by  coefficients  related  to 
the  weighting  function. 

Because  of  its  importance,  the  reason¬ 
ing  which  led  to  the  differential  inversion 
technique  (but  not  the  mailieinatic.-i)  is 
included  here.  Transfer  theory  relates  the 


externally  viewed  thermal  emission  to  the 
integral  transform  of  the  Planck  intensity 
over  pressure,  and  a  kernel  weight  func¬ 
tion  which  depends  on  the  line  character 
of  the  sampled  frequency  interval.  Except 
for  the  Laplace  kernel,  the  inverse  opera¬ 
tion  has  proved  intractable  because  of  the 
nonexponential  character  of  the  weight 
function.  With  a  differential  deconvolu¬ 
tion  approach,  the  inverse  transform  diffi¬ 
culty  has  been  bypassed  using  a  theorem 
relating  the  Planck  intensity  to  the  local 
behavior  of  the  radiances  at  the  conjugate 
pressure  level.  This  differential  inversion 
technique  has  been  generalized  to  treat 
weight  functions  of  arbitrary  character. 

.Although  the  differential  inversion 
method  provides  the  mathematical  and 
physical  solution  of  the  temperature  infer¬ 
ence  problem,  much  yet  remains  to  be 
done  before  the  algorithm  can  be  opera¬ 
tionally  used  on  the  DMSP  system.  The 
main  problem  is  the  determination  of  the 
limits  of  inversion  error  posed  by  the 
accuracy  to  which  the  radiances  are 
known.  In  other  words,  does  a  useful 
temperature  inference  make  impossible 
demands  on  the  radiance  data?  This  prob¬ 
lem  is  being  addressed  under  the  "Differ¬ 
ential  Spectroscopy  for  Remote  Tempera¬ 
ture  Sounding”  contract  wdth  Creative 
Optics,  Inc.  Although  a  positive  result  is 
avidly  sought,  even  a  negative  finding 
would  be  helpful  in  exposing  what  temper¬ 
ature  information  can  or  cannot  be  mean¬ 
ingfully  inferred. 

Once  these  inference  limits  are  firmly 
established,  we  may  then  proceed  with  the 
construction  of  an  objective  temperature¬ 
sounding  algorithm  with  only  engineer¬ 
ing.  anu  rmi  analysis,  difficulties  to  over¬ 
come. 


BATTLEFIELD  WEATHER 

The  Battlefield  Weather  Observation 
and  Forecast  System  (BWOFS)  is  an  ad¬ 
vanced  development  program  that,  when 
fielded,  will  eliminate  critical  shortfalls  in 
tactical  weather  support  to  Air  Force 
and  Army  operations.  The  objective  of 
BWOFS  is  to  develop  methods  to  gather 
vital  weather  information  and  process  it 
for  use  by  battle  staff  planners  and  air¬ 
crews.  It  provides  a  key  to  optimizing 
force  effectiveness  during  varying  weath¬ 
er  conditions.  To  meet  this  objective, 
AFGL  divided  the  BWOFS  into  two  com¬ 
ponents.  The  first  component  does  the 
target  area  data  acquisition.  The  second 
component,  called  Tactical  Decision  Aids, 
applies  the  data  using  a  series  of  algo¬ 
rithms  which  combine  environmental  data 
with  target  intelligence  and  weapon  sys¬ 
tem  characteristics  to  provide  an  electro- 
optical  effects  forecast. 

Weather  Data  Within  Battle  Areas:  As 

defined  by  the  Military  Airlift  Command’s 
Statement  of  Need  (MAC  SON  508-78  for 
Pre-Strike  Surveillance/ Reconnaissance 
System,  or  PRESSURS),  the  Air  Force 
critically  needs  the  ability  to  observe  and 
collect  weather  data  at  points  within  un¬ 
controlled  or  enemy-controlled  battle  ar¬ 
eas  and  airspace.  Data  must  be  processed 
and  transmitted  for  use  in  Tactical  Air 
Force  decision  assistance  at  in-theatre 
weather  facilities.  Weather  is  a  major 
factor  in  determining  the  success  or  fail¬ 
ure  of  tactical  air  missions.  Timely  weath¬ 
er  data,  plus  a  knowledge  of  its  effect  on 
Air  Force  systems,  is  vital  to  the  battle 
director  in  making  tactical  decisions.  To 
accomplish  this,  these  data  must  be  pro¬ 
vided  to  the  in-theatre  weather  facilities  in 
near  real-time. 


MAC  SON  508-78  requires  measure¬ 
ments  of  cloud  areal  coverage  (and  the 
altitude  of  tops  and  bases),  wind,  tempera¬ 
ture,  pressure,  humidity,  path  transmis¬ 
sion,  and  contrast  transmission.  AFGL 
has  developed  a  concept  which  involves 
the  use  of  an  enhanced  satellite  system 
complemented  by  unmanned  air  vehicles 
(UAVs).  Weather  satellite  enhancements 
include  improved  ground-data  processing, 
distribution,  and  display  using  tactical 
vans  now  supporting  TAC/TAF  field  oper¬ 
ations.  The  UAV  will  provide  weather 
observations  that  cannot  be  obtained  from 
a  satellite,  while  the  satellite  would  contin¬ 
ue  to  provide  critical  information  which 
could  be  used  to  determine  when  UAVs 
are  needed.  A  critical  sensor,  a  nephelome- 
ter,  developed  to  measure  the  cloud  pa¬ 
rameters  and  visibility,  was  flight-tested. 
Results  showed  that  the  nephelometer  can 
resolve  cloud  boundaries  and  measure  the 
visibility  to  within  stated  PRESSURS  re¬ 
quirements. 

Full  verification  of  the  UAV  concept 
awaits  testing  during  the  Concept  Valida¬ 
tion  Phase  of  the  program,  scheduled  to 
begin  in  1987. 

Tactical  Decision  Aid  Development: 

Air  Weather  Service  Geophysical  Require¬ 
ment  9-73  (Forecasting  Aids  for  Precision 
Guided  Munitions)  states  a  need  for  fore¬ 
caster  aids  which  will  allow  an  estimate  of 
maximum  target  detection  and  lock-on 
range  based  on  known  sensor  target  and 
environmental  parameters.  These  aids, 
called  Tactical  Decision  Aids  (TDA),  are 
being  developed  for  use  by  battle  staff 
planners  and  air  crews  to  insure  effective 
employment  of  precision  guided  munitions 
(using  infrared,  television,  laser,  and  milli¬ 
meter  wave  guidance  systems)  under  bat¬ 
tlefield  conditions.  Tactical  Decision  Aids 
were  developed  which  can  be  used  to 


predict  the  performance  of  1.06  /um  laser 
desijinator,  television,  low-light-level  tele¬ 
vision,  and  8-12  jum  infrared  precision- 
guided  munitions  and  target-acquisition 
systems  under  a  wide  variety  of  environ¬ 
mental  conditions. 

Calculator  versions  of  these  TDAs  were 
used  by  weather  forecasters  and  decision 
makers  in  the  field.  The  TDA  has  been 
successfully  emi)loyed  at  a  number  of 
locations.  It  continues  to  be  used  for  test 
and  operational  support  on  infrared  sys¬ 
tems.  A  microcomputer  version  of  the 
TDA  was  developed  and  turned  over  to 
the  Air  Weather  Service.  This  version  was 
developed  specifically  for  the  Zenith  100 
and  Zenith  l.oO  microcomputers  which  are 
used  at  base  weather  stations  around  the 
world.  The  TDA  has  been  evaluated  by 
Air  Weather  Service  units  worldwide  and 
the  reaction  is  that  the  product  is 
"terrific." 

SYSTEMS  DESIGN  CLIMATOLOGY 

Air  Force  systems  and  materiel  must  be 
designed  to  operate  in,  and  withstand, 
atmospheric  extremes  that  have  a  vital 
effect  on  the  successful  accomplishment 
of  the  Air  Force  mission.  Overdesign  may 
be  uneconomical  or  even  ineffective, 
w'hereas  underdesign  can  result  in  failure, 
with  possible  loss  of  life  and  equipment. 
As  a  result,  materiel  and  systems  design 
require  careful  consideration  of  various 
atmospheric  elements,  including  their 
variability  and  extremes.  Limitations  of 
current  meteorological  data  make  it  neces¬ 
sary  to  develop  theoretical  and  empirical 
models,  or  algorithms,  and  to  improve  the 
utility  of  available  climatic  information  as 
well  as  to  provide  more  accurate  estimates 
of  the  structure  and  variability  of  the 
atmosphere.  Consequently,  climatological 
research  is  continuing  in  order  to  better 


describe  the  atmosphere  and  its  effect  on 
Air  Force  plans  and  the  design  and  opera¬ 
tion  of  equipment. 

Environmental  Simulation  and  Statisti¬ 
cal  Modeling:  The  goal  has  continued  in 
the  past  two  years  to  stochastically  por¬ 
tray  weather  conditions  in  prescribed  spa¬ 
tial  and  temporal  domains,  and  to  estimate 
the  climatic  probabilities  of  such  condi¬ 
tions  or  events.  This  w'ould  be  done  in  all 
or  a  fraction  of  the  space,  all  or  part  of  the 
time,  or  for  an  interval  of  time  within  a 
larger  period  of  time.  The  effort  has 
concentrated  on  cloud-cover  and  the  asso¬ 
ciated  problems  of  cloud-free  line  of  sight 
(CFLOS)  and  cloud-free  intervals  (CFI). 
The  basic  model,  for  the  stochastic  produc¬ 
tion  of  a  field  of  clouds,  is  the  Boehm 
Sawtooth  Wave  (BSW)  model,  but  it's 
been  advanced  to  three  and  four  dimen¬ 
sions,  thus  providing  simulations  and 
probabilities  in  horizontal  and  vertical  pic¬ 
tures  and  in  changes  of  time.  Since  the 
temporal  changes  were  found  to  approxi¬ 
mate  the  Orn.stein-Uhlenback  (0-U)  pro¬ 
cess,  the  BSW  model  was  adapted  to  yield 
simulations  that  closely  resemble  the  0-U 
process,  especially  with  regard  to  tempo¬ 
ral  correlations.  The  model’s  parameter, 
scale  distance,  is  conceptually  the  distance 
(km)  between  two  locations  (1,2)  over 
which  the  correlation  coefficient  between 
the  conditions  (xj,  x^)  is  0.99.  Values  of 
scale  distance  were  investigated  for  many 
places,  times  of  year,  and  times  of  day. 
Likewise,  the  parameter  relaxation  time 
(hours)  of  the  0-U  process  is  conceptually 
the  time  interval  over  which  the  correla¬ 
tion  coefficient  is  1/e  (0.368).  It  was  found 
to  vary  from  a  few  hours  to  35  hours  for 
cloud  cover. 

During  1985-86,  simulation  modeling 
was  focused  on  applications  for  the  Strate¬ 
gic  Defense  Initiative  (SDI).  The  SDI  of- 


fice  is  concerned  with  the  effects  of  clouds 
on  the  ability  of  jtround-based  laser  sys¬ 
tems  to  operate  with  high  reliability  over 
the  systems'  expected  lifetimes.  To  assess 
cloud  effects,  SDIO  needs  estimates  of 
the  frequency  and  duration  of  system 
downtime  for  varying  numbers  of  sites. 
Using  the  Boehm  Sawtooth  Wave  model, 
AFGL  developed  and  programmed  a  meth¬ 
od  to  simulate  the  nature  of  system  down¬ 
time  due  to  clouds.  This  method  produces 
cloud-free  line  of  sight  and  cloud-free  arc 
statistics  at  each  receiver  site,  given  the 
site's  cloud  climatology  and  various  corre¬ 
lation  coefficients.  These  statistics  are 
then  analyzed  for  systems  of  multiple 
sites,  yielding  downtime  statistics  for 
combinations  of  sites  for  various  time- 
intervals,  from  minutes  to  24  hours. 
Concurrently,  there  are  several  ap¬ 
proaches  underway  to  verify  the  accuracy 
of  the  above  model  as  used  to  estimate 
system  downtime.  We've  made  a  “rough- 
and-ready”  comparison  using  sunshine 
data,  in  which  we’ve  assumed  a  sunny  line 
of  sight  is  essentially  equivalent  to  a 
cloud-free  line  of  sight.  A  more  detailed 
comparison  was  begun  in  which  a  contrac¬ 
tor  is  comparing  the  output  from  the 
model  with  cloud-cover  statistics  derived 
from  GOES  satellite  pictures.  The  results 
are  encouraging  and  suggest  this  model  is 
worth  further  study.  Accordingly,  AFGL 
is  planning  the  establishment  of  a  net¬ 
work  of  whole-sky  imagers  whose  output 
will  be  digitized  and  used  for  a  more 
realistic  comparison  than  is  possible  with 
any  existing  data  set.  This  work  repre¬ 
sents  the  broadening  of  the  Boehm  Saw¬ 
tooth  Wave  model  into  the  four  dimen¬ 
sions  of  space  and  time.  With  the  latest 
developments,  we  expect  the  model  will  be 
of  increasing  interest  for  modeling  other 
meteorological  phenomena. 


A  World  Atlas  of  Total  Cloud  Cover  was 
published  in  this  period,  to  present  paired 
values  of  the  two  parameters  of  mean  sky 
cover  and  scale  distance.  This  publication 
describes  the  use  of  these  parameters  to 
compute  the  probability  of  clear,  partial 
cover,  and  overcast  conditions,  allowing 
the  floor-space  to  vary. 

At  Tel  Aviv  University,  LANDSAT  im¬ 
ages  were  carefully  studied  with  respect 
to  the  threshold  of  brightness  and  the 
delineation  of  cloud  structure.  Individual 
clouds  have  been  defined  objectively  as 
entities  with  or  without  holes  within  the 
clouds.  Methods  of  measuring  perimeter 
and  area,  and  the  relation  between  the 
two  as  a  fractal  dimension,  are  described 
in  the  final  report.  Rules  have  been  devel¬ 
oped  to  estimate  minimum  intercloud  dis¬ 
tances  and  their  frequency  distributions. 
Cloud-size  distributions  were  best  fitted  to 
a  power  law.  Minimum  distances  between 
clouds  were  fitted  to  a  log-normal  distri¬ 
bution.  Results  were  presented  for  17 
locations  spread  over  the  world’s  oceans. 
The  results  on  the  fractal  nature  of  clouds 
were  found  to  be  partly  in  agreement, 
partly  at  variance,  with  those  of  earlier 
pioneering  investigations.  The  differences 
were  related  to  two  categories  of  cloud 
sizes:  those  with  radii  less  than,  and  great¬ 
er  than,  0.5  km. 

Climatic  Data  for  Systems  Design:  The 

primary  military  standard  used  to  deter¬ 
mine  climatic  design  and  test  require¬ 
ments  for  systems  and  equipment  devel¬ 
oped  by  all  DoD  agencies  is  the  responsi¬ 
bility  of  AFGL.  A  revised  version  of  the 
standard,  “MIL-STD-210C,  Climatic  Infor¬ 
mation  to  Determine  Design  and  Test 
Requirements  for  Military  Systems  and 
Equipment,”  was  completed  at  the  end  of 
CY86.  AFGL  was  the  lead  organization 
for  this  tri-service  effort. 


The  revised  standard  v\as  expanded  to 
inelinle  retriona!  cliniatie  information  in 
a<ldition  to  the  worldwide  d;ita  that  was 
provide<l  in  the  {tretdous  \  ersion.  Tempera¬ 
ture  and  density  profiles  from  the  surface 
to  km  based  on  extremes  at  specified 
altitudes  were  developed  at  Ah'GL  and 
added  to  the  sttuidard  to  optimize  the 
desittn  of  aerospace  systems  traversing 
the  atmosphere.  The  clitntitic  elements 
presented  in  the  stamiard  were  also  up¬ 
dated  to  include  the  latest  information, 
and  hackpo'ound  data  were  added  to  facili¬ 
tate  trade-(d'f  analyses. 

Most  importantly,  the  t^uidance  [)ro\-id- 
ed  for  usintr  the  standard  was  chanjted  to 
reflect  current  DoD  policy  on  tailoring'  the 
(k'sign  and  testing  of  materiel.  This  will 
enable  the  user  to  establish  appropriate 
design  considerations  based  on  the  opera¬ 
tional  re(iuirement  of  each  system  or  item 
under  development. 

Rainfall  Rate  Modeling:  The  Air  Force 
recpiires  fre([Uency  distributions  of  1-min¬ 
ute  precipitation  rates  at  locations 
throughout  the  world  to  determine  design 
and  operational  re({uiremenls  for  many 
ty[)es  of  eciuipment.  Precipitation,  espe¬ 
cially  at  heavier  intensities,  attenuates 
microwave  signals  used  by  Air  F’orce  sys¬ 
tems  in  satellite  <letection  and  tracking, 
communications,  air  traffic  control,  recon¬ 
naissance,  and  weaponry.  Erosion  due  to 
rain  affects  helicopter  rotor  blades,  lead¬ 
ing  edges  of  aircraft  and  missiles,  and 
fuses  on  airborne  ordnance.  Intense  rain¬ 
fall  can  cause  jet  engines  to  malfunction 
arul  can  penetrate  protective  coverings  on 
exposed  electronic  and  mechanical 
materiel. 

A  recently  completed  research  effort 
provides  new  models  of  extreme  rain  rates 
from  the  surface  to  20  km.  The  model 
[jrofiles  specify  I -minute  rain  rates,  asso¬ 


ciated  drop-size  distributions,  precipitation 
water  content,  and  cloud  water  content  at 
2  km  intervals.  These  profiles  are  an 
important  consideration  in  the  design  of 
aerosi)ace  systems. 

More  recently,  an  effort  was  begun  to 
derive  statistics  on  the  fret}uency  and 
duration  of  1-minute  rainfall  rates  for 
locations  throughout  the  world.  These 
have  become  very  important  considera¬ 
tions  in  the  design  of  satellite  communica¬ 
tion  systems  using  ehf  frequencies  be¬ 
cause  rain  is  the  major  cause  of  attenua¬ 
tion  of  these  signals.  The  1-minute  rates 
need  to  be  extracted  from  original  rain 
chart  recordings  using  specialized  tech¬ 
niques  and  then  modeled  to  get  estimates 
of  rates  where  data  are  not  available.  The 
rain  rates  can  be  used  to  estimate  system 
outages  due  to  rain  and  the  need  for 
space  diversity  of  terminals  or  other 
alternatives. 

BOUNDARY  LAYER  METEOROLOGY 

The  planetary  boundary  layer  extends 
from  the  earth’s  surface  to  a  height  of 
about  1.5  km.  By  definition,  it  is  that 
layer  of  the  atmosphere  from  the 
earth’s  surface  to  the  geostrophic  wdnd 
level,  or  to  that  level  at  which  the 
frictional  influences  of  the  earth’s  sur¬ 
face  become  negligible. 

Understanding  the  structure  and  dy¬ 
namics  of  this  layer  is  important  to  the  Air 
Force  since  so  many  Air  Force  systems 
operate  within  it.  Improved  techniques  for 
the  detection  and  prediction  of  meteoro¬ 
logical  elements  in  this  layer  are  required 
to  support  Air  Force  systems  and  opera¬ 
tions  such  as  advanced  military  communi¬ 
cation  and  surveillance  systems,  and  oper¬ 
ations  that  may  be  impacted  by  inadver¬ 
tent  or  planned  toxic  chemical  releases. 


Anomalous  Microwave  Propagation: 

Surveillance  radars,  digital  microwave  ra¬ 
dios  on  long  line-of-sight  (LOS)  communi¬ 
cation  links,  and  tactical  digital  troposcat- 
ter  radios  all  experience  significant  anom¬ 
alous  propagation  events  that  limit  these 
systems  from  achieving  desired  perfor¬ 
mance  objectives.  An  atmospheric  refrac- 
tivity  “event"  that  can  adversely  affect 
one  of  the  above  systems  may  result  in 
enhanced  performance  on  another  and  be 
neutral  in  its  effect  on  a  third.  Specific 
system  geometry  or  its  method  of  deploy¬ 
ment  is  very  important  in  determining  the 
magnitude  of  the  effects  of  these  refrac- 
tivity  events. 

A  prior  field  program  had  obtained 
measurements  of  the  mean  refractive  pro¬ 
file,  n(z).  on  line-of-sight  communication 
links  in  New  England  and  in  southern 
Germany.  These  data  were  used  in  con¬ 
junction  with  a  ray  trace  model  to  docu¬ 
ment  the  atmosphere’s  role  in  affecting 
multipath  delays  and  variations  in  the 
angle  of  arrival  of  the  incident  energy. 
These  results  indicate  maximum  delays  to 
be  a  function  of  path  distance  to  the  half 
power  for  long  paths.  This  is  more  opti¬ 
mistic  than  the  distance  to  the  second 
power  previously  proposed. 

The  measurement  phase  of  the  tropos- 
catter  radio  tests  was  completed.  These 
tests  involved  obtaining  profiles  of  the 
fine-scale  refractive  fluctuations  repre¬ 
sented  by  the  refractive  index  structure 
function,  C"'(Z),  in  addition  to  the  mean 
refractive  profile,  n(Z).  The  structure 
function  profiles  were  obtained  by  a  mi¬ 
crowave  refractometer  mounted  on  a  light 
aircraft.  While  this  refractive  turbulence 
is  a  source  of  noise  to  most  communica¬ 
tion  systems,  it  is  necessary  to  troposcat- 
ter  radios  because  it  is  the  scattering 
medium.  These  data  have  been  used  in  a 
two-dimensional  and  three-dimensional 


troposcatter  propagation  model  to  demon¬ 
strate  the  sensitivity  of  the  delay  spread 
to  atmospheric  effects  and  path  geometry. 
The  influence  of  the  vertical  structure  of 
Cj;  on  the  radio  delay  spread  was  demon¬ 
strated,  and  the  possibility  of  orographic 
effects  causing  multiple  scattering  effects 
has  been  hypothesized. 

Toxic  Chemical  Dispersion:  Accidental 
chemical  spills  can  occur  anytime  when 
storing  or  transporting  chemicals,  wheth¬ 
er  it  be  a  civilian  or  military  operation.  For 
emergency  response  planning  and  opera¬ 
tions,  models  are  needed  for  predicting 
the  hazard  area  resulting  from  a  spill. 


CHEHICAL  :  AMMONIA 
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Predicted  T€‘rrain-induced  Wind  Field  and 
Concentration  Isopleths  from  a  Continuous 
■Ammonia  Spill,  (Wind  at  spill  site  is  2  m  per 
second  at  290"  but  varies  throughout  the  2.4 
V  2.4  km  domain  due  to  the  hilly  terrain, 
which  varies  as  much  as  200  m  in  elevation.) 

Several  models  are  being  developed  to 
handle  gas  spills  of  neutral  density  and 


ht‘a\  it-r-Uian-air  s^ases  ciwa’  lidth  siraidth 
and  c.-iiiii(ilf\  tt'i'i'aiii.  Ttu'St-  nidilnls  includr 
.\FTl)X.  a  Oaussiaii  inil'l'  dispersion  mod' 
el:  a  liipli'Cesohuion  surrace-layer  w  ind- 
t’low  model;  \VAi)()('T,  a  eomjilex  lerrain 
disper.'ion  model:  and  a  heavy  j^as  disper- 
siot,  nioilel.  '1  he  AF'roX  nioilel  eompules 
hazard  ilistanres  resulting  from  eonlinu- 
ou>  or  msianlaneoim,  liiiuid  or  ;j;as,  elevat¬ 
ed  or  surfaee  releases  from  a  point  souiaav 
This  model  is  eiirrentlv  hi'iiio  evahiat('d  h\' 
the  Air  Weather  Service  as  a  possible 
replacement  for  the  (H'eaii  lii’eez.e  Dry 
(oilclj  Disjiersion  Model,  The  stirf:ice-l;iy- 
er  w  indflow  modi'l  was  acimired  from  the 
F.S.  .\rmy  .\tniosphera'  Sciences  Labora¬ 
tory  at  White  Sands.  New  Mexico.  The 
model  performs  a  varitilional  tinalysis  of 
stirface-lay.'i'  winds  in  the  x-y  plane  to 
induce  an  inititil  wind  fitdd  to  conform  to 
t-onstraints  of  topop’-raphy.  buoyancy  forc¬ 
es.  momentum  advection.  and  nuiss  con¬ 
servation,  Several  improvements  htive 
been  made  in  the  model  and  validation 
studies  h;ive  been  done  usintr  the  meteoro- 
lo^dcal  tind  terrain  dtita  from  X’andenbery: 
.\FP>,  Ctilifornia.  The  model  was  repro- 
^rtimmed  to  run  on  the  Zenith  Z-KKt  mi¬ 
crocomputer.  The  .VFTOX  Model  tuid  wind 
flow  model  hiive  been  combined  into  a 
complex-terrain  dispersion  model  cttlled 
W.\D<)('T.  In  this  mod(d.  the  concentra¬ 
tion  contours  are  distorttal  by  the  wind 
field  defined  liv  the  wind  flow  model  ;is 
shown  in  the  fij^ure,  .A  jilot  of  the  wind 
field  and  concentration  contours  is  provid¬ 
ed.  heavy  disjiersion  model  is  liein^ 
developed  under  contract.  This  model 
ttikes  into  account  the  various  physical, 
chemical  reaction,  and  thermodyntimic 
phenomena  that  take  place  when  the 
cherniciil  is  suddenly  reletised  to  the  atmo- 
sjihere.  The  model  is  designed  specifictdly 
for  mtro^ren  tetroxide,  chlorine,  hydrogen 


sulfide,  ammonia,  sulfur  dioxiile,  and 
phosjrelie. 

Boundary  Layer  Modeling:  To  better 
understand  the  dynamic  and  physical  pro¬ 
cesses  that  take  (dace  in  the  planetary 
boundary  layer,  modtdin^  work  was  done 
to  I'stablish  iiractical  methods  for  the 
[irediction  of  three-dimensional  turbulent 
atmospheric  flow  over  complex  terrain 
whim  environmental  conditions  at  the 
boundaries  <d'  the  flow  volume  are  pre 
scribeii.  .\  si'cond-order  turlndence  model 
was  developed.  The  model  is  constructed 
from  first  principles,  and  incorporates 
state-of-the-art  concepts  in  turbulence 
modeling.  It  has  been  exerciseil  in  un¬ 
steady  one-dimensional  computations  sini- 
ulatintr  the  trrowth  (d'  the  surface  mixed 
layer  of  the  atmosphere,  and  that  of  two- 
dimensional  steady  lioundary  layer 
jrrowth.  An  efficient  numerical  aljiorithm 
for  the  implementation  of  a  three-dimen¬ 
sional  comimtation  over  terrain  has  been 
partially  developed,  liut  not  brotitrht  to 
completion. 

GROUND-BASED  REMOTE  SENSING 

The  environment  is  a  key  factor  in  the 
operation  of  nearly  ail  Air  Force  weapon, 
surveilla.'Ce,  and  communication  sys¬ 
tems.  To  meet  the  need  for  more  accu¬ 
rate,  precise,  and  timely  weather  support 
for  Air  Force  operations,  the  Atmospher¬ 
ic  Sciences  Division  develops  techniques 
for  the  remote  sensing  of  adverse  envi¬ 
ronmental  conditions  and  the  incorpora¬ 
tion  of  the  derived  information  into  pre¬ 
cise  weather  advisories  and  forecasts  for 
times  up  to  several  hours.  Progress  dur¬ 
ing  IbSb  and  11)86  included  development 
of:  (1)  automated  techniques  for  detection 
and  warning  of  atmospheric  hazards 
based  on  Dojipler  weather  radar  observa- 


tions,  (2)  techni(iut*s  for  identifying  the 
microphysictil  characteristics  of  cloud 
and  precijjitation  particles  from  tech¬ 
niques  for  short-term  forecasting  of 
clouds  and  preci[)itation  using  combined 
data  from  weather  radars  and  satellites. 
During  lilHB  the  Ground  Based  Remote 
Sensing  Branch  collaborated  with  other 
branches  of  the  Atmospheric  Sciences 
Division  in  a  program  designed  to  quanti¬ 
fy  the  attenuation  of  microwave  signals 
at  multiple  frequencies  and  to  relate  the 
attenuation  to  meteorological  conditions. 

Automated  Doppler  Weather  Radar 
Analyses:  The  Next  Generation  Weather 
Radar  (NEXRAD)  network  is  soon  to  be 
deployed  around  the  country.  This  new 
radar  system  will  provide  greatly  im¬ 
proved  weather  detection  and  prediction 
capabilities,  particularly  for  severe 
weather  events  such  as  tornadoes,  hail¬ 
storms,  and  flash  floods.  Doppler  weath¬ 
er  radar  research  at  AFGL  provided 
much  of  the  scientific  foundation  for  the 
NEXRAD  Program,  and  AFGL  has  been 
heavily  involved  with  the  NEXRAD  Pro¬ 
gram  from  its  beginning.  Development 
and  testing  of  algorithms  for  the  NEX¬ 
RAD  system  are  ongoing  activities  at 
AFGL.  The  primary  focus  has  been  on 
the  detection  and  short-term  warning  of 
severe  weather  hazards  at  the  ground 
and  in  the  lowest  few  kilometers  above 
the  ground,  with  the  ultimate  aim  of 
significant  reduction  in  casualties  and 
[)roperty  loss  by  destructive  weather  phe¬ 
nomena.  The  severe  weather  hazards  ad¬ 
dressed  in  these  studies  during  1985  and 
1985  include  tornadoes,  wdnd  shear,  icing, 
turbulence,  and  the  high  winds  associat¬ 
ed  with  hurricanes  and  intense  extra- 
tropical  cyclones. 

Mesocyclones,  which  are  rotating  re¬ 
gions  located  within  some  intense  and 


well-organized  thunderstorms,  are  the 
parent  circulations  of  the  great  majority 
of  tornadoes  and  all  of  the  violent  ones. 
Because  about  half  of  all  radar-detect¬ 
able  mesocyclones  have  produced  one  or 
more  tornadoes,  and  over  90  percent  have 
produced  some  form  of  se\  ere  weather  at 
the  ground,  their  identification  is  crucial 
for  improved  warnings  of  severe  storms 
as  well  as  tornadoes.  Studies  have  includ¬ 
ed  a  search  for  a  mesocyclone  precursor 
through  rotational  and  convergent  inter¬ 
storm  motions,  and  a  search  for  a  predic¬ 
tor  of  tornado  occurrence  and  intensity  in 
the  rotational  kinetic  energy  develojnTient 
of  the  parent  mesocyclone.  Also  an  algo¬ 
rithm  has  been  developed  for  automated 
identification  of  mesocyclones  from  a  sin¬ 
gle  Doppler  radar.  This  algorithm  has  the 
capability  to  detect  tornado  vortex  signa¬ 
tures  when  the  radar  beamwidth  is  less 
than  the  diameter  of  the  tornado. 

An  algorithm  for  the  automated  detec¬ 
tion  of  mesocyclones  has  been  developed 
which  identifies  large  mesocyclones  as 
well  as  tornado-scale  motions.  Mesocy¬ 
clones  are  usually  of  the  order  of  several 
kilometers  across,  while  the  tornado  cir¬ 
culations  are  typically  1  km  or  less.  In 
addition,  for  any  detected  circulation,  the 
algorithm  identifies  the  horizontal  and 
vertical  extent,  temporal  persistence,  av¬ 
erage  shear,  momentum,  direction  of  ro¬ 
tation,  and  rotational  kinetic  energy.  All 
these  parameters  have  been  carefully 
examined  to  determine  their  value  for  the 
warning  of  tornadoes.  The  rotational  ki¬ 
netic  energy,  or  a  modification  thereof, 
may  be  the  most  useful  parameter.  The 
excess  rotational  kinetic  energy  (ERKE), 
defined  as  the  amount  of  measured  rota¬ 
tional  energy  in  excess  of  that  retiuired 
for  the  circulation  to  be  considered  a 
mesocyclone,  is  computed  for  each  obser¬ 
vation  of  a  storm.  From  the  ERKE  a 


tornado  prodictor  has  been  develoiied 
whicli  predinls  not  only  occurrence  but 
also  intensity.  This  |)redictor  requires 
that  (1)  the  KKKK  must  be  at  least  as 
lar^e  as  the  climatolotfiral  mean  value 
for  mature  mesocyclones,  CJl  this  thresh¬ 
old  must  be  exceeded  below  d  km  alti¬ 
tude,  and  (d)  the  excess  must  (persist  for 
at  k‘ast  d  min.  h'or  a  tornado  to  be 
chissified  as  \iolent  the  HRKhi  must  ex¬ 
ceed  a  tlireshold  value  twice  tliat  of  the 
ciimatoiooical  mt'an.  With  these  criteria 
the  predictor  was  succt'ssful  for  nine  out 
(d'  ten  storms  t.‘xaniine(l:  the  lead  time  to 
the  first,  usually  weak,  tortiado  pnjduced 
by  a  particular  storm  was  of  th(‘  order  of 
a  few  tniniUes,  and  thi*  lead  time  to  the 
niost  intense,  but  non-violent,  t(;rnado 
uas  of  the  order  of  ttms  of  minutes, 
Howexer,  when  a  pr(.'dicti(»n  of  a  sdoleiit 
tornado  was  nnide,  tlie  |)redictor  was  IbO 
perc(‘nl  tic'urate,  with  lead  times  of  tens 
of  minutes.  This  excellent  predictability 
for  violent  tornadoes  is  indeed  fortunate, 
because  torntnloes  of  this  class,  althouj^h 
rare,  kill  and  itijure  maiyv  more  people 
than  the  mor*"  common  stronj,^  or  weak 
tornadoes, 

.\ircraft  are  particularly  susceptible  to 
accidents  in  takeoff  and  approach  corri¬ 
dors  becatise  of  their  proximity  to  the 
pfround.  Several  crashes  have,  in  fact, 
occurred  when  aircraft  experienced  siji- 
nificant  varititions  in  lift  u|)on  encounter¬ 
ing:  substantial  en virotimental  wind 
shear.  These  wind  changes  tend  to  be 
iissociated  with  cimvective  storm  out¬ 
flow,  sea  bree/.e  fronts,  and  synoptic 
fronts.  Detection  of  the  location  of  these 
fetitures  in  real  time  could  provide  valu¬ 
able  guidance  to  air  traffic  controllers 
and  pilots  alike.  Considerable  research 
has  been  directed  toward  determining:  the 
detectability  by  I)ojipler  radar  of  these 
low-level  sheai’  phenomena  and  develoj)- 


int:  and  testing  automated  detection  tech- 
niiities  where  appropriate.  The  primary 
effort  has  been  on  the  detection  of  the 
outflow  from  convective  storms  since  this 
appears  to  be  the  primary  cause  of  air 
crashes  associated  with  wind  shear. 
These  outflows  are  the  product  of  down- 
drafts  that  occur  within  all  convecti\e 
storms.  jrreat  many  storms  produce 
sti’ont:  downdrafts  called  do'vnbursts. 
Downbursts  are  defined  as  aipv  stroni: 
downdraft  tluit  produces  damattint: 
winds  at  or  near  the  ground.  There  are 
two  categories  of  downbursts,  namely, 
microbursts  (horizontal  extetu  les.s  than  4 
km  across)  and  macrobursts  (greater 
than  4  km).  The  most  liazardous  tends  to 
bt'  the  microburst.  Microbursts  tend  to 
kick  tij)  enough  debris,  have  enough  {)re- 
cipitation,  or  have  sufficient  refractive 
index  gradients  for  detection  by  micro- 
wave  Doppler  radar.  A  very  distinctive 
divergence  signature  is  produced  by  mi¬ 
crobursts  in  the  radial  velocity  fields  at 
the  very  lowest  elevation  angles.  An 
algorithm  was  developed  to  detect  this 
divergence  signature  and  was  found  to  be 
quite  successful  on  the  limited  data  avail¬ 
able. 

A  common  characteristic  of  gust  fronts 
is  the  presence  of  gradients  of  the  radial 
velocity.  Techni(]ues  for  the  estimation  of 
these  gradients  in  real  time  were  exam¬ 
ined.  The  approach  that  was  adopted  was 
to  compute  Doppler  velocity  gradients  in 
both  -azimuth  -and  range  and  i)lace  them  on 
a  rectangular  grid  for  combination  into  a 
single  two-dimensional  g>'adient  of  the 
radial  velocity.  The  magnitude  of  this 
combined  gradient  relative  to  a  specified 
threshold  value  yields  a  product  which 
enables  the  identification  of  gust  fronts. 
The  gradient  computation  scheme  used  in 
this  analysis  has  become  the  Combined 
Shear  Algorithm  in  the  N'KXRAD  library 
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of  Category  1  algorithms,  those  being  attributed  to  the  curvature  of  the  wind 

implemented  in  the  prototype  radar  sys-  field.  Since  that  time,  there  has  been 

terns.  some  rethinking  of  this  problem  and  a 

Hurricane  Belle,  in  1976,  was  the  first  ^^udy  was  conducted  to  determine  what 

tropical  storm  to  be  observed  by  Doppler  other  effects  might  contribute  to  these 

radar.  These  observations  by  AFGL  indi-  anomalies.  Curvature  and  crosswind 
cated  distinct  asymmetries  in  the  radial  shear  were  found  to  result  in  the  asym- 
velocity  fields,  which  at  that  time  were  metries  observed  in  the  Hurricane  Belle 


of  Total  Accumulated  Rainfall  from  Hurricane  Gloria.  September  27,  lilH.o.  K'ontours  are  at  intervals  of 
0  2  inch  of  rain.  Storm  center  is  pre.sented  as  a  series  of  circles  joined  hv  straight  line  segments.  Times  are 
GMT.  I 


data.  Tfchiiicjues  were  developed  to  re¬ 
cover  the  downwind  shear,  difluence,  and 
the  sum  of  curvature  and  cross  wind 
shear  from  the  Doppler  velocity  data. 
These  later  techniiiues  were  then  applied 
to  d:ita  collected  on  Hurricane  Gloria  as  it 
crossed  Lonp  Island  and  moved  into 
western  New  England  on  September  27. 
IdSo.  This  analysis  revealed  pronounced 
decay  of  both  circulation  and  maximum 
wind  speed  ariuind  the  eye  region  after 
landfall  nearly  three  hours  before  confir¬ 
mation  by  more  direct  radar  measure¬ 
ments  (see  the  fiy:ure).  Negative  down¬ 
wind  shears,  due  to  frictional  loss  over 
rough  groutid,  and  persistently  positive 
difluence  were  also  measured.  This  type 
of  diagnosis,  utilizing  wind  field  deriva¬ 
tives  recovered  from  the  pattern  of 
scanned  Doppler  velocities,  offers  great 
promise  for  remote  and  early  assessment 
of  the  trend  in  intensity  of  hurricanes  and 
severe  extra-tropical  c.vclones  and  is  for¬ 
ming  the  basis  of  a  hurricane  intensity 
algorithm  being  developed  for  NEXRAD, 
Aircraft  icing  is  most  often  caused  by 
small  (less  than  60  micrometers  in  diame¬ 
ter),  supercooled  liquid  water  droplets, 
too  small  to  V)e  detected  by  radar.  There¬ 
fore,  there  is  reason  to  expect  icing  en¬ 
counters  when  supercooled  raindrops  are 
present.  Normally  when  ice  particles  fall 
from  their  region  of  generation  through 
the  zero  degree  level  they  melt  and  pro¬ 
duce  a  “bright  band"  in  the  radar  reflec¬ 
tivity  nwasurements.  Since  supercooled 
water  and  ice  particles  are  not  likely  to 
coexist,  from  the  presence  of  a  bright 
band  one  can  deduce  that  there  is  no 
supercooled  liquid  water.  Conversely,  the 
absence  of  a  bright  band  within  a  precipi¬ 
tation  region  that  extends  above  and 
below  the  zero  degree  level  might  well 
indicate  the  [jresence  of  supercooled  liq¬ 
uid  water  and  the  absence  'f  ice  particles. 


This  reasoning  is  the  basis  of  the  algo¬ 
rithm  developed  here.  The  automated  al¬ 
gorithm  has  been  implemented  and 
awaits  testing  with  coincident  radar  and 
aircraft  data. 

Short-Term  Cloud  and  Precipitation 
Forecasts:  Methods  are  being  developed 
to  supply  precise  and  accurate  short-term 
forecasts  of  clouds  and  precipitation.  The 
ultimate  objective  of  this  work  is  to 
provide  Air  F'orce  commanders  with  the 
margin  of  time  necessary  to  implement 
strategies  to  mitigate  the  effects  of 
clouds  and  precipitation  on  future  satel¬ 
lite-to-ground  communications  systems. 
The  Remote  Atmospheric  Probing  Infor¬ 
mation  Display  (RAPID)  system,  on 
which  the  software  is  developed  and  test¬ 
ed,  incorporates  a  Digital  Equipment 
Corp.  VAX  11/750  minicomputer  and  an 
ADAGE  3000  image  processor.  This  sys¬ 
tem  receives  satellite  imagery  from  the 
AFGL  Interactive  Meteorological  System 
(AIMS)  at  Hanscom  AFB  and  data  from 
the  AFGL  Doppler  weather  radar 
through  another  minicomputer  via  a  local 
area  network  (LAN).  Before  any  data 
analysis  occurs,  the  two  data  sets  are 
transformed  to  a  common  coordinate  sys¬ 
tem.  The  data  are  then  loaded  into  the 
ADAGE  image  processor  for  additional 
analysis.  The  goal  of  these  efforts  is  to 
generate  0  -  ^2  hour  forecasts  of  clouds 
and  precipitation. 

The  prediction  of  future  precipitation 
distributions  is  a  two-step  process,  name¬ 
ly,  feature  extraction  and  extrapolation. 
The  feature  extraction  process  identifies 
the  precipitation  intensity  contours  of  in¬ 
terest  and  then  maps  them  into  quantities 
suitable  as  input  to  extrapolation  algo¬ 
rithms.  The  mapping  techniques  decom¬ 
pose  each  boundary  contour  into  a  series 
of  segments,  which  in  turn  are  described 
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as  lists  of  contiguous  unit  vector  direc¬ 
tions.  List  attributes  such  as  total  vector 
number,  orientations,  and  displacements 
from  a  suitable  reference  position  are  the 
quantities  which  are  monitored  by  extrap¬ 
olation  algorithms  and  provide  the  basis 
for  the  forecasting  process.  Thus  forecast¬ 
ing  the  evolution  of  a  precipitation  intensi¬ 
ty  contour  ultimately  becomes  a  process 
of  forecasting  the  evolution  of  the  direc¬ 
tion  vector  lists.  Because  the  behavior  of 
these  quantities  is  not  known  beforehand 
and  may  not  be  readily  identified  with 
meteorological  observables,  the  extrapola¬ 
tion  algorithms  are  of  a  purely  statistical 
nature.  Emphasis  is  on  simple  exponential 
smoothing  and  adaptive,  or  error-correct¬ 
ing,  techniques.  Currently  the  develop¬ 
ment  and  verification  of  algorithms  are 
being  performed  with  radar  and  satellite 
data  acquired  during  the  passage  of  Hur¬ 
ricane  Gloria  over  New  England  in  Sep¬ 
tember,  1985. 

Precipitation  Characteristics:  The  mi¬ 
crophysical  properties  of  clouds  and  pre¬ 
cipitation  are  of  significant  practical  con¬ 
cern  to  the  Air  Force  because  of  their 
effects  on:  (1)  the  depolarization  and 
attenuation  of  terrestrial  and  satellite 
communication  systems,  (2)  the  safe  per¬ 
formance  and  even  the  survivability  of 
airframes  in  regions  of  hail  or  heavy 
icing,  and  (A)  the  erosion  of  reentry  vehi¬ 
cles. 

The  need  for  remote-sensing  techniques 
for  characterizing  the  microphysical  pa¬ 
rameters  of  cloud  and  precipitation  sys¬ 
tems  has  led  to  the  investigation  and 
development  of  polarization  diversity  ra¬ 
dar  techniques  for  deriving  information 
on  the  size,  shape,  number  concentration, 
and  thermodynamic  phase  of  cloud  and 
precipitation  particles.  The  polarization 
techniques  rely  on  the  fact  that  many 
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Differential  Doppler  Velocity  Techniques. 
Velocity  differences  related  to  the 
polarization  of  a  radar  siftnal.  measured  in  a 
vertical  section  through  a  cloud,  reveal  that 
near  the  melting  level  (about  1.7  km  altitude) 
the  least  spherical  particles  (associated  with 
the  quantity  A  v,)  are  falling  fastest  but  that 
the  particles  with  the  greatest  tendency  to  a 
common  orientation  (associated  with  A  Vi;j) 
are  falling  slowest.  The  former  are  probably 
large,  irregularly  shaped  ice  particles  known 
as  graupel.  The  latter  are  probably  large 
aggregate  snowflakes,  which  tend  to  fall 
slowly,  with  their  largest  dimension  oriented 
horizontally.  These  measurements  represent 
the  first  use  of  a  new  weather  radar 
technique  which  permits  the  discrimination 
of  ice  particles  of  different  shapes  in 
precipitation.) 

types  of  hydrometeors  are  non-spherical 
and  tend  to  orient  themselves  in  a  pre¬ 
ferred  way  in  response  to  aerodynamic  or 
electrical  forces.  The  hydrometeors  thus 
constitute  an  anisotropic  scattering  and 
propagation  medium.  This  characteristic 
of  the  medium  has  implications  for  the 
performance  of  surveillance,  guidance, 
and  communication  systems  in  cloud  or 
precipitation  environments.  The  anisotro¬ 
py  of  the  medium  makes  it  possible  to  use 


the  relative  amplitude  and  relative  elec¬ 
tromagnetic  phase  of  the  received  signals 
of  opposite  polarization  to  derive  the 
rnicrophysical  information.  The  polariza¬ 
tion  parameters,  together  with  the  con¬ 
ventional  reflectivity  and  Doppler  veloci¬ 
ty  parameters,  permit  the  most  compre¬ 
hensive  possible  description  of  the  scat¬ 
tering  and  propagation  media  from  a 
single  radar. 

A  new  analytical  technique,  the  differ¬ 
ential  Doppler  velocity  technique,  has 
been  shown  to  yield  a  nearly  unambiguous 
determination  of  the  presence  of  ice-phase 
hydrometeors  in  a  scattering  medium  and, 
under  some  conditions,  to  yield  an  indica¬ 
tion  of  the  type  of  ice  particles,  e.g., 
snowflakes  or  graupel.  This  technique,  the 
theory  of  which  was  developed  during 
1984  and  1985,  was  applied  to  a  set  of  data 
from  the  8.6-mm  wavelength  polarization 
diversity  radar  operated  by  the  NOAA 
Wave  Propagation  Laboratory  to  obtain  a 
highly  detailed  de.scription  of  the  evolu¬ 
tion  of  hydrometeors  near  the  melting 
level  (see  the  figure.s;.  Work  continued  on 
the  modification  of  the  AFGL  1-cm  w’ave- 
length  dual-frequency  Doppler  radar  to 
enable  full  polarimetric  measurement  ca¬ 
pability.  The  first  use  of  this  radar  to 
measure  the  polarization  differential  re¬ 
flectivity  in  precipitation  occurred  late  in 
1986,  and  the  initial  report  on  the  system 
will  be  published  in  1987.  When  the  modi¬ 
fications  are  completed,  the  radar  will  be 
capable  of  measuring  simultaneously  the 
received  signals  of  orthogonal  polariza¬ 
tions  and  thus  will  enable  the  measure¬ 
ment  of  all  the  polarimetric  parameters 
needed  for  investigating  the  microphysi¬ 
cal  structure  and  evolution  of  clouds  and 
precipitation. 
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A  Comparison  of  Moisture  Variables  in  the 
Vertical  Interpolations  of  a  i-D  Data 
m nation  System 

7th  Conf.  on  Numerical  Weather  Prediction. 
•Montreal,  Canada  (16-21  June  1985) 


Morrissey,  J.F.,  Izumi,  Y.,  and  CotE, 
O.R. 

Atmospheric  Measurements  and  Their  Use  in  a 
Propagation  Model  for  Troposcattcr  Radio 
CRSI  Remote  Sen.sinK  and  Communications 
Conf.,  Durham,  NH  (28  July-1  August  1986) 


Yang,  C.  H. 

Energy  Calculations  for  Diagnostics  of  Global 
Circulation  Simulations 
WMO/IUGG  Internat.  Symp.  on  Short-  and 
Medium-Range  Numerical  Weather  Prediction, 
Tokyo,  Japan  (4-8  August  1986) 


Zimmerman,  S.P.,  Keneshea,  T.J., 
Eckhardt,  R.,  and  Von  Zahn,  U. 

Analysis  of  the  Bugatli  Data  for  Turbulence 
Parameters 

COSPAR  Mtg.,  Toulouse,  France  (50  June  -  11 
July  1986) 


TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 


Berthel,  R.O.,  and  Plank,  V.G. 

Time  Durations  of  Rain  Rates  Exceeding 
Specified  Thresholds 

AFGL-TR-8,5-0122  (24  May  1985),  Ar)A16(l46:i 


Bishop,  A.W.,  and  Metcalf,  J.I. 

A  Multi-Channel  Radar  Receiver 
A FGL-TR-8, 5-0006  (7  January  1985),  Al)A156058 


Bohne,  A.R. 

Joint  Agency  Turbulence  Experiment  -  Final 
Report 

AFGFTR-85-0012  (21  January  1985),  ADA160420 
In-Flight  Turbulence  Detection 
AFGL-TR-8.5-0()49  (8  March  1985),  ADA160380 


Bohne,  A.R.,  and  Chmela,  A.C. 

storm  Precipitation  and  Wind  Structure 
During  Aircraft  Strike  Lightning  Events 
AFGL-TR-8.5-0I21  (24  .May  19851,  ADA162338 


Bohne,  A.R.  (AFGL);  and  Harris,  F.I. 
(SASC  Technologies,  Inc.,  Lexington, 
MA) 

Short  Term  Forecasting  of  Cloud  and 
Precipitation  Along  Communication  Paths 
AFGL-TR-8.5-0343  (31  December  1985), 

ADA  169744 


Burger,  C.F. 

World  Atlas  of  Total  Sky-Cover 
AFGIyTR-8.5-0198  (4  September  1985),  AD.A170474 


Forsyth,  D.E.,  Maj.,  Istok,  M.J., 
O’Bannon,  T.D.  (NEXRAD  Joint 
System  Program  Office);  and  Glover, 
K.  (AFGL) 

The  Boston  Area  NEXR.'D  Demonstration 
(BAND) 

AFGL-TR-8.5-0098  (8  May  19851,  ADA164426 


Groves,  G.V. 

,4  Global  Reference  Atmosphere  from  'o  HO 
KM 

AFGLTR-8.5-0129  (31  May  1985),  ADA162499 
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Ki  nkki.,  B.A. 

On  the  Dei'elopnient  of  an  AOnosphenr 
Diffusion  Model  fur  Oruund-Lerel  To.ne 
Chemical  Releases 

AF(lI.-TRX”>-03)!!'  (20  I'e^enilier  lilS')!, 
ADAlHKlUr) 


Lanici  i,  J.M.,  Capt. 

Sensitivity  Tests  of  a  Surface-Layer  Windfloie 
Model  to  Effects  of  Stability  and  Vvyetation 
AF(;L-TR-f^.')-(l2fi.',  d'.')  Octolier  i;)3r,|,  ADAKiiU.KI 


Lanu'ci,  J.M.,  Capt,,  and  Wfbfr,  H. 

\'alidnliou  of  a  Surface -Layer  Windflaw  Model 
I'stny  Ctimatoloyy  and  Meteoroloc/ical  Tower 
Data  from  Vandenbery.  APR,  California 
.AF'Cil.-TR-sH-il'JlO  Cil)  Soptember  UtSbl, 
ADAlT.-'lMi 


Mf.tcai.f,  J.I. 

TecinitiiUiS  for  the  Autuniiited  Ubserratioii  of 
Clouds 

.AFGL-TR->',V(t2.7M  (lb  Oclobt-r  198')),  A1),AU).7,573 


Mitchki.i.,  K,,  and  Yang,  C,  H, 

A  Cohi/inrisun  of  Moisture  Variables  in  the 
Vertical  Interpolations  of  a  i-D  Assimilation 
System 

AFfA^TR-Sb-tmti  (11  April  198,7),  A  DA  160464 


Morrisshv,  J.F.,  Izi  Mi,  Y,,  and  CotE, 

0,R, 

Meteorological  Measurements  on  Line-of-Sight 
Microwave  Radio  Links 
AFG1)-TR-8.7-0299  (22  November  198,7) 

A  D  1 66627 

Intercomparisons  of  Radiosondes  and  an 
Airborne  Refractonieter  for  Measuring  Radio 
Ducts 

AFGDTR-86-014:i  Cl  ,July  1986),  ADA17,71.70 

Mi  knch,  H,S,,  and  Chisholm,  D,A, 

Aviation  Weather  Forecasts  Based  on 
Adrection:  E/perirnents  Using  Modified  Initial 
Conditions  and  Improved  Analyses 
AFGDTR-8.-,-()(m  (21  ,]anuary  198,7).  ADA16()369 

Ridgk,  D,,  Modica,  G.,  and  Jackson, 
A, 

A  Candidate  Mesosrale  Sumerical  Cloud/ 
Rreripitalion  Model 

AFGI,-TR-8.7-02,72  (10  October  198,7),  ADA166628 


ScHAAK,  C,B„  ILt,,  Wi  RMAN,  J„  and 
Banta,  R,M, 

Satellite  Climatology  of  Thundersiorin 
Initiation  Sites  in  the  Rocky  Mountains  of 
Colorado  and  Sort  hern  Sew  Mexico 
AFGDTR-86-007r.  (31  March  1986),  ADA1780,72 

SwEKNEY,  H,J,,  and  Cohen,  I,D.,  Capt, 

Some  Microphysical  Processes  Affecting  Aircraft 
Icing  -  Final  Report 

AFGL-TR-8.7-01()0  (S  May  1.98,7),  ADA16037,7 

Tattelman,  P.  (AFGL):  and  Willis, 

P.T.  (Atlantic  Oceanographic  and 
Meteorological  Lab,,  Miami,  FL) 

Model  Vertical  Profiles  of  Extreme  Rainfall 
Rate.  Liquid  Water  Content,  and  Drop-Size 
Distribution 

AFGDTR-85-0200  (6  September  198.7),  A  DA  164424 

Zimmerman,  S.P.,  and  Keneshea,  T.J. 

Turbulent  Heating  and  Transfer  in  the 
Stratosphere  and  Lower  Mesosphere 
AFGLTR-8.7-0184  (9  Augu.st  198.7),  ADA166.791 


CONTRACTOR  PUBLICATIONS 
JANUARY,  1985  •  DECEMBER,  1986 

Hoffman,  R.N.  (Atmos.  &  Environ. 

Research,  Inc.  Cambridge,  MA) 

A  Four-dimensional  Analysis  Exactly 
Satisfying  Equations  of  Motion 
Mon.  Wea.  Rev.  114  (February  1986) 

Kaplan,  L.D.,  and  Isaacs,  R.G. 
(Atmospheric  and  Environmental 
Research,  Inc.,  Cambridge,  MA) 

Retriei'al  of  Humidity  Profiles  from  Satellite 
Radiance  Measurements 
Proc.  WItshp.  on  Advances  in  Remote  Sensing 
Retrieval  Methods  (January  1985) 

Knupp,  K.R.,  and  Cotton,  W.R. 
(Colorado  State  University) 

Convective  Cloud  Downdraft  Structure:  An 
Interpretive  Sun’cy 

Reviews  of  Geophysics  and  Space  Physics  23 
(May  198.7) 
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Lior,  K.  N,  Ou,  S.,  and  Lr,  P.J.  (Univ. 
of  Utah,  Salt  Lake  City,  UT) 

hiteractivc  Cloud  Formation  and  Climatir 

Tcmpe  ra  t  u  cc  Pcrtu  rba  t io nx 

J.  of  Atmos.  Sciences  12  (1  October  19Sr)) 


Liof,  K.-N  (Univ.  of  Utah,  Salt  Lake 
City,  UT) 

Influence  of  Cirrux  Cloiidx  on  Wt’alher  and 
Climatic  Piocrxxcx:  .4  Global  Perxiiectirc 
Mon.  Wea.  Rev.  114  (June  198(>i 

Nehrkorn,  T.  (Atmos.  &  Environ. 
Research,  Inc.  Cambridjre.  MA) 
\V(ivv-('fSK  in  (I  BarocUfiic  Basic  State 
J.  Atmos.  Scie'ices  4'^  (Deceniber 

Of,  S.,  and  LlOf,  K.-N  (Univ.  of  Utah, 
Sa'*^  Lake  City,  LT) 

Cm,  ,lux  Conrection  and  Climalir 

Temperntu  rc  Pe rturbal  i o nx 

.].  of  (jeophy.  Res.  90  (20  February  198.')) 

WiFi.ER,  J.G.  (SASC  Technologies,  Inc., 
Lanham,  MD) 

Real-Time  Automatic  Detection  of  Mesocyclonex 

and  Tornadic  Vortex  Signatures 

•J.  .Atmos,  and  Oceanic  Tech.  3  (March  1986) 


Zheno,  Q.,  and  Liof,  K.-N.  (Univ.  of 
Utah,  Salt  Lake  City,  UT) 

Dynamic  and  Thermodynamic  Influences  of  Ike 
Tibetan  Plateau  on  the  Atmosphere  in  a 
General  Circulation  Model 
■].  .Atmos.  Sciences  43  (1  .July  1986) 


CONTRACTOR  TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 


Eckhardt,  R.J.  (OPHIR  Corp., 
Lakewood,  CO) 

A  Srnsitirity  Study  of  a  One-Dimensional 
Time-Dependent  Harm  Cumulus  Cloud  Model 
AF(;(^TR-8',-03.31  (.September  198.A).  ADAI70141 


Forbes,  J.M.  (Boston  Coll.,  Newton, 
MA) 

Thermosphere  Structure  Variations  During 
High  Solar  and  Magnetic  Activity  Conditions 
AFGLTR-86-0009  (30  September  198.5), 

A  DA  17 1350 


Gallery,  W.O.,  Hummel,  J.R.,  and 
Far.mer,  D.A.  (OptiMetrics,  Inc., 
Bedford,  MA) 

Probability  and  Conditional  Probability  of 
Cumulative  Cloud  Cover  for  Selected  Stations 
Worldivide 

.AF(;L-TR-85-01.54  (July  1985).  .Ar).A162210 

Gerlauh,  A.M.  (SASC  Technologies, 
Lanham,  MD) 

Objective  Analysis  and  Prediction  Tcchniques- 
19Si 

AFGL-TR-86-00()2  (30  November  1985). 
A1)A169746 


Hansen,  D.F.,  and  Shubert,  W.K. 
(HSS,  Inc.,  Bedford,  MA) 

Development.  Test  and  Evaluation  of  an 
Automated  Present  Weather  Obsvnnng  System 
AFGLTR-86-0140  (26  June  1986),  2  DA  172329 


Hayenga,  C.O.  (New  Mexico  Inst,  of 
Mining  and  Technology,  Socorro,  NM) 
Airborne  Lightning  RF  Direction  Finding:  A 
Feasibility  Study 

AFGLTR-85-031 1  (November  1985),  AD.A173867 

Isaacs,  R.G.,  and  Deblonde,  G. 
(Atmospheric  and  Environmental 
Research,  Inc.,  Cambridge,  MA) 

Water  Vapor  Profile  Retrievals  at  183  GHz: 
Land  vs.  Ocean  and  Clear  vs.  Cloudy 
.AFGLTR-8.5-0095  (1  May  1985),  ADA170033 


Isaacs,  R.G.,  Barnes,  J.C.,  Petro, 

L.D.,  and  Worsham,  R.D.  (Atmospheric 
and  Environmental  Research,  Inc., 
Cambridge,  MA) 

Intercomparison  of  DMSP  OLS.  NOAA 
.AVHRR.  GOES  VISSR.  and  Landsat  MSS 
Imagery  for  Cloud  Property  Determination: 
Recommendations  for  Digital  Data  Analysis 
AFGL-TR-86-0012  (18  January  1986),  ADA169285 


174 


Isaacs,  Okhlonuk,  G..  Worsham, 

R.L).,  atul  Livshits,  M.  (Aimosiihoric 
and  Environmental  ResearL'h,  Ine., 
Gambridfrv,  MA) 

Mill  I  iiicttr  ItVicr  Mtit.-il  II  fr  SiiHudi/'  Fni-'iihiliti/ 
Study:  Thi  Kthc*  ot  Ch.ud  mid  IS-iciyttatiofi 
oil  Mdisf  u  rr  Ret :  K'ruU 

AF(iI.-TK-S->-'ti)l(i  IS  M;urh  I'Js.".).  AI»Alfi:^2;U 

Kao,  ('.V.,  and  OorK.i  V.  (L'niv.  of 
Illinois,  I'rliana,  11.) 

A  ( ' u  fu u  1  us  Ranjtni  Study  U'lth 

Sfu  ciii!  AttfutiDu  tn  fhr  A  nikd  leu-Scft  ubert 
SidiFUir 

Af-'(:i.-T{\  (..I'lfif  liis'it.  AWAUi^isoi 

Kari.a.v,  Lons,  .J.  F.,  Hoffman, 

R..\.  Isaacs,  R.G.,  Gftovvski,  W.J., 
and  N'fhrkokn,  T.  (.Atmospheric  and 
Environmental  Research,  Inc,, 
Cambridge,  M.A) 

Imiirnnufl  S ii  niii'inil  Wi  iiihrr  Prcdictio)i  (i_i/ 
Miixi  iiiKi  ny  III*  I  sr  lit  Assnnihitid  Snft'lliti' 

[)ii>ii 

.AFCl.-TK-'-'-O^'.ls  rjd  li.'ccnihcr  l!IS5l, 

ADAmirJ'i.". 

Lorknz,  E.N.  (C'tr.  for  Meteorolojjy 
and  Physical  Oceano^raphv,  Cambridge, 
MA) 

F/jiiritiiiiihil  Rims  iidlh  'i  Li)ii'-()rdi:r  Model  of 
K  Moisl  (iioH’i-iil  (’irriilnlion 
AFOl.-TK-'^.'Ollls  Oil  Mic,  AI)AHiO:i5;t 

Nffson,  L,D.,  Hanson,  K.R., 

W(  KMAN,  and  Eckhakot,  R.J. 
(OPHIR  Corp,,  Lakewood,  CO) 

(loud  Mirrojihifsirs  Annlysis  imd  Modi’linfi 
AFCFTK-sd.olfa  i.hily  HI, Gil,  AI)A17.‘,4S9 


Nickkrso.n,  E.C.  (ERL/NOAA, 

Boulder,  CO) 

.4  Thne-Dimioisiotiiil  Mi'sosralc  Model  for  the 
Sitniiliiliou  of  Clouds.  Rreci/ilhitiou  and 
.Airlloie 

AF<;i.-TR-Sr)-(I.SOT  (.-{I  OctotuT  lilS.4),  AI)Alf;44(;s 


Norqi  1ST,  D.C.  (SASC  Technologies, 
Inc.,  Lanhani,  MD) 

.Ailernatiee  Funus  of  Moisture  Information  in 
i-D  Data  Assiinilulion 
AFta.-TR-Sli-OHM  (l.'>  Sepleniher  HlStil, 
A1)A17!)7'I2 


SKin'F.R,  K.L.  (Univ.  of  Lowell,  Lowell, 
MA) 

Die  .Spcci/icolioM  of  Lateral  Boundari/ 
('auditions  in  Three-Dimensional  Mesosrnie 
Suinerical  Models 

AKCL-TR-SIi-OOOr)  (1  OcU.lrtT  19F.')I,  AI)AHi.727i) 

SooNd,  S.T.,  Ogura,  Y,,  and  Kai  , 
W,-S.  (Univ,  of  Illinois.  Urbana,  IL) 

.4  Sludy  of  Cumulus  Parameterization  in  a 
(Hobal  Cireutation  Model 
AFGGTR-8.>01()0  (.June  1985).  ADA  170197 


Ting,  S.  L.  (Systems  and  Applied 
Sciences  Corp.,  Vienna,  VA) 

Fsers  Guide  for  Norma!  Mode  Objeetire 
.Analysis  of  Global  Data  Assimilation 
AFG['.-TR-8.>0()42  (1  March  1985),  ADA160373 


Wt  rman,  J.  (OPHIR  Corp.,  Lakewood, 
CO) 

A  Plotting  Library  for  Tekironir  Compatible 
Devices 

AFGI.-TR-8(M)014  (8  Aiifrust  1985),  ADA173985 
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V  OPTICAL  PHYSICS 
DIVISION 


The  task  of  the  Optical  Physics  Division 
is  to  expand  and  exploit  knowled^te  of  the 
optical  and  infrared  properties  of  atoms, 
molecules,  and  particulates  in  the  earth's 
atmosphere,  in  the  celestial  and  zodiacal 
backgrounds,  and  in  plumes  from  rockets 
and  space  vehicles.  With  this  knowledge, 
Air  Force  systems  can  effectively  pene¬ 
trate  the  environment  to  locate,  communi¬ 
cate  with,  track,  or  destroy  desired  tar¬ 
gets  and  avoid  false  targets.  They  can  also 
measure  and  predict  the  natural  and  dis¬ 
turbed  conditions  of  the  atmosphere  that 
influence  optical  and  infrared  propaga¬ 
tion.  Research  consists  of  basic  analysis 
and  compilation  of  atomic,  molecular,  and 
particulate  properties  using  laboratory 
studies,  theoretical  developments,  and  ac¬ 
tual  verification  in  field  tests.  Lidar  tech¬ 
niques  are  important  emerging  tools  be¬ 
ing  developed  at  AFGL  for  ground  and 
space  measurements.  Satellite  and  rocket 
observations  of  the  celestial,  spectral,  and 
spatial  infrared  emissions  are  essential  to 
this  program. 

The  goal  of  the  research  is  to  develop 
“tools”  to  be  used  directly  in  the  design, 
testing,  and  actual  operation  of  Air  Force 
and  DoD  systems.  These  tools  include 
various  data  bases,  models,  and  comput¬ 
er  codes  friendly  to  the  developers  of 
new  systems  and  capable  of  easy  and 


rapid  ititi'i'ni^ation  l>y  uperalioiis  offi¬ 
cers,  Some  of  the  specific  tools  are  the 
LOWTRAN  and  P’ASt'OOl-;  transmission 
and  radiance  codes,  the  HITKAX  molec¬ 
ular  data  base,  celestial  hackjfround 
models,  atmosphm-ic  turbulence  models, 
and  models  of  the  aerosols  and  infrared 
railiatinp:  nudecules  in  the  atmosphere. 
The  portion  id'  tin.’  idectromatltietic  spec¬ 
trum  studied  extends  from  200  nm  in  the 
ultra\  ioiet  to  1  cm.  where  the  far  infra¬ 
red  blends  into  the  mii'rowa\  e  radio  sjjec- 
irum.  The  resixu'i'h  in  the  Division  in¬ 
cludes  studies  of;  the  visible  and  near 
visible  properties  of  the  atmosphere, 
'vhere  aerosol  and  molecular  scattering 
is  the  predominant  mechanism  cd' attenu¬ 
ation:  tlie  infrared  properties  of  tlie  at¬ 
mosphere.  generall.v  where  therimil  eiiui- 
lihrium  usuall.v  prevails:  and  the  infrared 
projierties  of  exoatmosplun'ic  sources — 
stars,  nebulae.  ;ind  zodiacttl  dust.  Im¬ 
proved  techniques  for  spectroscopic,  li- 
dar,  ;ind  scattering  measurements  are 
also  di.'veloped, 

.\  mtijor  area  of  investigation  hv  the 
Division  concerns  atmospheric  attenua¬ 
tion,  or  transmission  and  scattering  of 
radiation  by  the  atmosphere,  including 
laser  beams.  .Atmospheric  molecules  ab¬ 
sorb  optical  and  infrared  radiation  selec- 
tnely  at  discrete  wa\'elengths.  K.xtensive 
computer  ))rogranis  have  been  develitped 
wliich  make  use  of  the  vast  collection  of 
spectroscopic  data  for  molecules  {AFYJL 
At  nujs/ihrrif  Ab^^orpt  ion  Line  Paratne- 
frrs  (’omjiildfion  HITRAX  Database’) 
and  wliich  permit  the  calculation  of  this 
transmission,  both  for  laser  beams  and 
the  emission  and  transmission  of  radiation 
from  hot  gases  and  plumes.  Detailed  at¬ 
mospheric  absorption  curves  and  tables 
for  high  resolution  and  laser  transmission 
are  available.  The  well-known  IdlVVTK.AX 
atmosfiheric  transmission  computer  code 


is  used  for  determining  the  low-resolution 
(approximately  20  wave-numbers)  trans¬ 
mission  of  the  atmosphere  for  a  wide 
rtinge  of  tactical  weapon-deli\ery  prob¬ 
lems  iiniler  various  meteorological  condi¬ 
tions.  The  codes  have  been  designated  as 
the  standard  atmospheric  codes  for  both 
the  Dejiartment  of  Defense,  as  part  of  the 
DoD  transmission  program,  and  for  the 
international  researcli  community,  as  part 
of  the  Technical  Coordination  Program 
and  the  International  Radiation  Commis¬ 
sion. 

Scattering  by  aerosols  and  molecules  in 
the  atmosphere  also  contributes  both  to 
attenuation  and  to  re<luction  in  the  con¬ 
trast  of  a  target  seen  through  the  atmo- 
s[)here. 

During  July,  198."),  the  new  Transport¬ 
able  Optical  Atmospheric  Data  System 
(TO.ADS)  field  site,  in  Sudbury,  Massa¬ 
chusetts,  l)ecame  operational.  This  site 
consists  of  four  pads  located  on  a  987 
meter  te.st  range.  The  TO.ADS  vans  are 
located  on  pads  one  and  four.  Instru¬ 
ments  can  be  installed  anti  operated  from 
pad  two,  located  dOO  meters  from  pad 
one,  or  i)ad  three,  located  oOO  meters 
from  pad  one.  This  test  facility  is  used  to 
take  measurements  of  the  influence  of 
adverse  weather  (snow,  fog.  haze)  on 
electromagnetic  propagation.  (For  a 
more  tietailed  description  see  “Atmo- 
s[)heric  .Aerosols”  below.) 

The  results  t)f  these  measurements  and 
mofieis  are  applied  to  target  acquisition 
anti  detection  [iroblems  as,  for  example,  a 
Tactical  Decision  Aitl  (TDA)  to  describe 
the  imjiact  of  the  tiatural  environment  on 
air-to-ground  infrareti-guided  weaiJon  sys¬ 
tems  (maximum  lock-on  range),  and  also 
to  laser  (iropagation  stutlies. 

Turbulence  in  the  atmosphere  leads  to 
laser-beam  fluctuations  in  flux  distribu- 
titm,  coherence,  anti  direction  as  the  laser 
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beam  propagates  through  that  atmo¬ 
sphere.  Efforts  are  under  way  to  measure 
and  model  the  altitude  and  temporal  varia¬ 
tions  in  the  index  of  refraction  of  the  air, 
the  most  important  parameter  in  deter¬ 
mining  these  effects. 

A  powerful  technique  for  remotely  de¬ 
termining  the  optical  and  meteorological 
parameters  and  composition  of  the  atmo¬ 
sphere  from  the  ground  or  space  is 
through  the  use  of  a  lidar,  which  meas¬ 
ures  the  transit  time  and  intensity  of  the 
light  scattered  back  from  a  laser  pulse  at 
one  or  more  wavelengths.  Different  lidar 
techniques  will  be  exploited,  including  mo¬ 
lecular  and  aerosol  scattering,  resonance 
fluorescence,  Raman,  Doppler,  and  DIAL 
(Differential  Absorption  Lidar). 

Similarly,  infrared  backgrounds  against 
which  a  target  must  be  located  are  a 
major  concern  of  the  Division  efforts. 
Such  emissions  from  the  atmosphere  or 
celestial  sky  represent  interfering  back¬ 
ground  noise  superimposed  on  the  optica!/ 
infrared  target  signatures  that  a  surveil¬ 
lance  system  may  be  trying  to  detect.  An 
inseparable  part  of  these  measurements  is 
the  development  of  very  sensitive,  ad¬ 
vanced  cryogenically  cooled  infrared  sen¬ 
sors  and  spectrometers.  A  high-resolution, 
cryogenically  cooled  Fourier  interferome¬ 
ter  has  been  flown  on  a  balloon  to  observe 
infrared  atmospheric  emission.  The  infra¬ 
red  emission  of  the  lower  atmosphere  can 
be  calculated  from  computer  programs 
such  as  those  discussed  above.  The  infra¬ 
red  emission  from  the  upper  atmosphere 
has  been  measured  by  using  a  balloon- 
borne  cryogenically  cooled  interferome¬ 
ter-spectrometer,  and  emission  from  the 
earth  limb  was  detected  by  a  rocketborne 
cryogenic  long  wave  length  infrared 
sensor. 


MOLECULAR  SPECTROSCOPY 

HITRAN  Database:  The  HITRAN  mo¬ 
lecular  absorption  database  is  a  compila¬ 
tion  of  spectroscopic  parameters  from 
which  a  wide  variety  of  computer  simula¬ 
tion  codes  are  able  to  calculate  and  predict 
the  transmission  and  emission  of  radiation 
in  the  atmosphere.  This  database  is  a 
prominent  and  long-running  effort  estab¬ 
lished  by  the  Air  Force  at  AFGL  in  the 
late  1960’s  in  response  to  the  requirement 
for  a  detailed  knowledge  of  infrared  trans¬ 
mission  properties  of  the  atmosphere. 
With  the  advent  of  sensitive  detectors, 
lasers,  rapid  computers,  and  higher  reso¬ 
lution  spectrometers,  a  large  database 
representing  the  discrete  molecular  tran¬ 
sitions  that  affect  radiative  propagation 
throughout  the  electromagnetic  spectrum 
became  a  necessity.  The  HITRAN  data¬ 
base  has  been  periodically  updated  and 
expanded  to  meet  new  Air  Force  require¬ 
ments  through  programs  directed  through 
the  Optical  Physics  Division. 

The  most  recent  edition  of  the  HITRAN 
database  became  available  in  late  1986. 
This  latest  version  now  incorporates  data 
on  twenty-eight  molecular  species  with 
bands  covering  regions  from  the  millime¬ 
ter  through  the  visible  portion  of  the 
spectrum.  Originally  the  database  con¬ 
tained  for  each  molecular  transition  the 
basic  parameters  of:  (1)  resonant  frequen¬ 
cy;  (2)  line  intensity;  (3)  air-broadened 
halfwidth;  and  (4)  lower  state  energy  (as 
well  as  unique  quantum  identifications). 
Additional  parameters  have  recently  been 
provided  which  permit  new  capabilities  for 
remote  sensing  in  the  atmosphere  and 
capabilities  to  deal  with  non-local  thermo¬ 
dynamic  effects  in  the  upper  atmosphere. 
The  overall  structure  of  the  database  has 
been  expanded  to  include  files  of  cross- 
section  data  on  heavy  molecular  species 
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such  as  the  fluoro-chloro  methanes  and 
oxides  of  nitrogen  which  are  not  yet 
amenable  to  line-by-line  representation. 
This  has  added  to  HITRAN  the  capability 
of  qualitative  detection  of  man-made  gas¬ 
es  in  the  “window”  regions  of  the  infra¬ 
red.  On-going  research  efforts  will  gradu¬ 
ally  move  this  data  to  the  main  body  of  the 
database.  Presently  over  840,000  transi¬ 
tions  are  given  on  the  high-resolution 
portion  of  HITRAN. 

High-Resolution  Laboratory  Spectros¬ 
copy:  The  AFGL  High  Resolution  Fourier 
Transform  Spectrometer  (FTS)  has  recent¬ 
ly  undergone  a  major  modification  to  ex¬ 
tend  its  spectral  coverage  to  longer  wave¬ 
lengths.  It  is  now  capable  of  observing 
transitions  down  to  about  550  cm  '.  Previ¬ 
ously  the  spectral  range  was  between 


1600  and  5000  wavenumbers.  The  new 
capability,  coupled  with  modifications  to 
the  high  temperature  cell,  allows  the  ob¬ 
servation  of  highly  excited  rotational  lev¬ 
els  of  vibration-rotation  bands  not  previ¬ 
ously  measured  under  controlled  condi¬ 
tions.  This  unique  laboratory  setup  is 
providing  data  on  the  important  lower 
mode  vibrational  bands  and  their  se¬ 
quence  “hot  bands"  that  will  significantly 
improve  the  models  used  for  long  path 
transmittance,  laser  propagation,  remote 
sensing,  and  plume  simulation.  The  re¬ 
sults  from  the  AFGL  FTS  are  used  to 
determine  energy  levels  that  enhance  and 
improve  the  AFGL  HITRAN  molecular 
database.  Initial  spectra  taken  include  the 
bending  mode  vibration  of  deuterated  wa¬ 
ter  vapor,  and  the  symmetric  stretch  vi- 
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Spectra  of  N',0  at  SOO^K  and  Room  Temperature. 
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bration  region  of  nitrous  oxide.  The  figure 
illustrates  two  spectra  of  N2O,  one  taken 
at  room  temperature  and  the  other  at  the 
elevated  temperature  of  800°  K,  with  an 
enlargement  of  portions  of  the  spectra. 
The  line  position  precision  is  0.0003  cm  ' 
for  well-isolated  lines.  Preliminary  analy¬ 
sis  of  the  latter  measurements  demon¬ 
strates  that  there  will  be  considerable 
extension  of  the  knowledge  of  the  energy 
levels  and  potential  function  of  nitrous 
oxide.  This  has  direct  application  to  simu¬ 
lating  hot  plumes,  but  also  in  forming  the 
foundation  for  a  unified  treatment  of  the 
molecule  such  as  has  been  carried  out  for 
carbon  dioxide.  Application  of  the  instru¬ 
ment  to  the  15  mm  bands  and  associated 
hot  bands  of  CO-)  is  also  expected  to  be  a 
major  contribution. 


High-Resolution  Spectroscopic  Field 
Measurements:  The  Stratospheric  Cryo¬ 
genic  Interferometer  Balloon  Experiment 
(SCRIBE)  had  a  most  successful  flight 
from  Holloman  AFB  on  August  10.  1986. 
Major  modifications  to  the  package  were 
undertaken  for  this  flight  with  the  addi¬ 
tional  support  of  an  outside  agency.  A 
telescope  operating  at  ambient  tempera¬ 
ture  and  ground-controlled  steering  mir¬ 
ror  were  added  along  with  a  bore-sighted 
television  camera.  An  operator  viewing  a 
television  monitor  could  control  the  view 
by  manipulating  a  joystick.  This  was  the 
first  time  that  visual  data  along  the  direc¬ 
tion  of  viewing  have  been  taken  on  such  a 
high-resolution,  high-altiti  de  experiment 
and  recorded  on  video  tape.  The  balloon  on 
this  flight  reached  a  float  altitude  of  76 
kft,  and  a  large  number  of  horizontal  and 
nadir  scans  from  the  interferometer  were 
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.Analy.si.s  of  Data  from  .Stratospheric  Cryogenic  Interferometer  Balloon  Experiment  (SCRIBE),  1984. 


ohtaitu'ii.  Aiiinjx  with  the  thita  from  the 
litM.'t  ami  19S4  fli^lits,  a  mtijor  pro^jram  is 
tmderway  to  tuiiilyze  the  results.  Analysis 
of  the  pre\ious  two  flij^hts  has  demon¬ 
strated  the  excellent  tichieved  sensitivity 
:ind  resohinsj:  power  achieved  with 
St’RlHK.  The  first-ever  detection  of 
Ct'l  .F  .  (F12)  in  the  nadir-viewing  direction 
is  one  such  exiimple  of  the  sujterb  sensitiv¬ 
ity  achieved  (see  accompanying  figures). 
The  results  reported  on  the  strong  nitric 
ticid  htinds  ;it  11/j  titid  their  sid:isequent 
addition  to  tht*  HITRAX  molecular  data¬ 
base  have  been  examples  of  simulations 
for  atmospheric  [irofile  retrieval.  Like¬ 
wise.  there  have  been  impressive  s[iectra 
of  the  fiuoro-chloro  methanes,  Fll  and 
F12.  The  IbSd  flight,  due  to  a  leak  in  the 
balloon,  took  a  number  of  nadir-viewing 
spectra.  These  spectra  show  deficiencies 
in  the  [u-esent  modeling  capabilities  which 
are  now  being  researched.  High  quality 
spectra  from  the  most  recent  flight,  im¬ 
proved  by  the  narrower  field-of-view  now 
availal)le.  art‘  exjtected  to  Ite  of  extreme 
value.  PTiture  flights  will  be  aimed  at 
observations  of  photo-chernically  active 
constituents. 

Molecular  Line  Shape  and  Continuum: 

t'urrently.  the  issue  limiting  the  accuracy 
of  the  calculation  of  atmospheric  transmit¬ 
tance  and  radiance  due  to  molecular  ab¬ 
sorption  is  the  knowledge  of  the  collisional 
line  shape.  The  absorption  profile  near  line 
center  is  well  descril)ed  by  the  impact 
api)roximation  (Lorentz  line  profile).  How¬ 
ever.  a  correct  description  of  line  wing 
absorption  must  take  into  account  the 
finite  duration  of  collision.  The  continuum 
absorption  and  radiance  observed  for  at¬ 
mospheric  paths  results  from  the  overlap- 
[ung  of  line  wings  far  from  line  center  and 
requires  an  accurate  descrifjlion  of  the 
[;hysics  of  the  collision.  Three  research 


efforts  are  currently  being  pursued  in  the 
area  of  molecular  line  shape:  (1)  a  theoreti¬ 
cal  effort  to  study  the  details  of  binary 
collisions  (emphasis  on  water-water  inter¬ 
actions);  (2)  the  development  of  a  formal¬ 
ism  to  accurately  account  for  line  coupling 
effects  (emphasis  on  carbon  dioxide-nitro¬ 
gen  collisions);  and  (3)  an  experimental 
program  to  validate  line  coupling  and  line 
wing  effects  in  carbon  dioxide.  A  resolu¬ 
tion  of  these  issues  is  required  for  applica¬ 
tions  including  atmospheric  radiative 
transfer,  long  path  (20  km)  transmittance 
in  the  atmosphere,  and  remote  sounding 
of  the  atmosphere. 

ATMOSPHERIC  TRANSMISSION 

The  atmospheric  transmission  of  elec¬ 
tromagnetic  radiation  in  the  ultraviolet, 
visible,  infrared,  and  millimeter  wave  re¬ 
gion  is  affected  by  molecular  absorption 
and  scattering  and  by  extinction  from 
particulates  (dust,  haze,  fog,  rain)  in  the 
atmosphere.  The  relative  importance  of 
these  different  attenuation  processes  de¬ 
pends  on  the  wavelength  of  the  radiation 
and  the  atmospheric  conditions. 

In  a  cloud  (fog)-free  atmosphere,  molec¬ 
ular  absorption  dominates  the  infra:  'd 
and  millimeter  regions  of  the  spectrum, 
whereas  aerosol  extinction  dominates  the 
visible  part  of  the  spectrum.  This  domina¬ 
tion  is  not  complete,  however,  and  a  full 
understanding  of  atmospheric  propaga¬ 
tion  requires  that  we  deal  with  the  appro¬ 
priate  molecular  and  aerosol  effects  at  all 
wavelengths.  Molecular  absorption  is 
highly  wavelength-dependent,  w’hereas 
aerosol  extinction  varies  much  less  with 
wavelength.  In  the  infrared,  molecular 
absorption  tends  to  determine  the  “win¬ 
dows”  within  which  atmospheric  propaga¬ 
tion  is  possible,  but  the  transparency  with¬ 
in  these  windows  tends  to  be  determined 
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by  the  molecular  “continuum”  and  aerosol 
effects.  As  a  result,  aerosol  and  cloud 
attenuation  can  be  the  critical  factors  not 
only  for  visible  wavelengths  but  also  for 
infrared  radiation  in  the  window  regions. 

Aerosol  and  cloud-drop  attenuation  can 
affect  radiation  propagation  in  several 
ways.  Particulate  scattering  and  absorp¬ 
tion  along  with  molecular  attenuation  re¬ 
duce  the  intensity  of  a  beam  of  radiation 
as  it  travels  along  an  atmospheric  path 
and  thereby  become  factors  in  determin¬ 
ing  beam  transmittance.  For  many  appli¬ 
cations,  such  as  laser  beam  propagation, 
we  are  not  only  concerned  with  the  extinc¬ 
tion  loss  in  a  beam  of  radiation  but  also 
with  the  temporal  and  spatial  intensity 
variation  due  to  turbulence  and  the  angu¬ 
lar  distribution  of  the  radiation  scattered 
out  of  the  direction  of  propagation  of  the 
direct  (incident)  beam.  One  of  the  most 
important  effects  of  this  scattered  radia¬ 
tion  is  the  reduction  of  contrast  in  imaging 
systems  at  the  visual  and  near  infrared 
wavelengths.  The  scattered  light  from  the 
sun  forms  the  background  sky  radiance 
against  which  objects  may  have  to  be 
viewed  and  detected. 

The  attenuation  by  atmospheric  molecu¬ 
lar  constituents  is  a  complex  and  highly 
variable  function  of  wavelength  due  to  the 
numerous  rotation  and  vibration-rotation 
transitions  and  molecular  line  shapes.  In 
addition,  model  predictions  of  molecular 
attenuation  depend  strongly  on  the 
amount  of  absorbing  gas  itself  and  the 
temperature,  pressure,  and  density  of  oth¬ 
er  line-broadening  gases  along  the  atmo¬ 
spheric  path. 

The  optical  effects  of  particulate  mat¬ 
ter,  especially  those  of  haze  and  dust 
particles,  are  not  only  a  function  of  parti¬ 
cle  concentration,  but  also  of  particle  size, 
shape,  chemical  composition,  and  physical 
structure.  Although  they  have  a  much 


weaker  spectral  dependence  than  molecu¬ 
lar  absorption,  the  aerosol  optical  proper¬ 
ties  are  highly  variable  with  air  mass, 
weather  conditions,  and  location.  Because 
of  the  extreme  variability  of  these  proper¬ 
ties,  it  is  more  difficult  to  develop  accu¬ 
rate  models  for  the  optical /infrared  ef¬ 
fects  of  aerosols  and  droplet  clouds. 

The  final  goal  of  this  research  in  the 
Optical  Physics  Division  has  been  the 
development  of  computer  codes  which  al¬ 
low  an  efficient  and  accurate  calculation 
of  these  various  atmospheric  propagation 
properties  for  application  to  Air  Force 
systems  and  operations. 

Atmospheric  Transmittance  and 
Background  Radiance  Models:  The  at¬ 
mospheric  transmittance  and  background 
radiance  modeling  program  focuses  on  the 
absorption  and  scattering  properties  of 
the  molecular  and  aerosol  constituents  of 
the  earth’s  atmosphere  and  their  effects 
on  radiation  propagating  through  it.  In 
addition,  adverse  weather  effects,  such  as 
fogs,  clouds,  rain,  and  snow,  are  included 
in  the  program.  Two  different  models  for 
predicting  the  transmission  and  radiative 
properties  of  the  atmosphere  for  low  and 
high  spectral-resolution  applications  have 
been  developed:  LOWTRAN  (Low  Resolu¬ 
tion  Transmission)  and  FASCODE  (Fast 
Atmospheric  Signature  Code).  Both  mod¬ 
els  utilize  similar  representative  model 
atmospheres,  aerosol  models,  slant-path 
refractive  geometry,  and  diffuse  and  con¬ 
tinuum  absorption  models.  The  models 
differ  in  their  spectral  resolution,  spectral 
range,  and  computational  speed  of  calcula¬ 
tion. 

LOWTRAN  predicts  atmospheric  trans¬ 
mittance,  background  radiance,  and  scat¬ 
tered  solar  radiation  at  a  fixed  spectral 
resolution  (20  cm ')  and  covers  the  spectral 
region  from  the  near  ultraviolet  to  the 


mid-infrared.  It  provides  a  simple  and 
computationally  rai)id  means  of  esti¬ 
mating  the  atmospheric  effects  on  broad¬ 
band  radiation  with  an  accuracy  adequate 
for  many  applications.  The  current  version 
of  the  code,  L()VVTR.\N'  (i,  includes  im¬ 
proved  water-vapor  continuum  and  aero¬ 
sol  models,  rain  and  cirrus  cloud  models, 
as  well  as  the  contribution  to  the  sky 
radiance  of  sinq'le  scattered  solar-'lunar 
radiation. 

FWSCODK  has  been  developed  for  the 
computation  of  atmos|iheri(-  transmittance 
and  radiance  usinp;  the  line-by-line  meth¬ 
od.  This  model  is  applicable  to  spectral 
retriotis  from  the  microwave  to  the  near 
ultraviolet.  .An  alpoirithm  for  the  acceler¬ 
ated  convolution  of  line  shape  functions 
(Lorentz.  \’oip''t,  Doppler)  witii  spectral 
line  data  is  used  for  the  hitth  resolution 
predictions.  These  calculations  are  made 
af  a  variable  samidintt  interval  based  on 
the  averatte  spectral  line  width  appropri¬ 
ate  to  each  layer  in  the  atmosphere.  The 
present  version  of  the  code.  FASC'ODD  2, 
addresses  the  effects  of  atmos|!heric  mo¬ 
lecular,  aerosol,  and  hydrometeor  constit¬ 
uents  on  propajtation  raditition.  Non-local 
thermodynamic  ecjuilibrium  (see  the  fig¬ 
ure)  and  the  inclusion  of  diffuse  spectral 
contributions  (ultraviolet  and  visible  ozone 
ahsori)tion,  aerosols,  rain,  and  clouds)  are 
model  oi)tions.  .Api)lications  of  the  code 
include  laser  propagation,  plume  signa¬ 
ture  propagation,  and  background  radi- 
atice  simulations.  Systems  applications 
are  facilitate<i  by  the  availability  of  laser 
fiptions,  weighting  function  calculations, 
and  instrumental  filter  and  scanning  func¬ 
tions. 

.An  atmospheric  database  (.AFdL-TR-Sb- 
0111!)  of  vcilume  mi.xing  ratios  (from 
ground  to  120  knO  for  twenty-eight  minor 
ancl  trace  gasc's  has  been  assendded  for 
usf-  \^ith  the  radiance  transmittaiM’e 
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cetdes.  Six  representative  reference  atmo¬ 
spheres,  each  tiefining  temperature,  pres¬ 
sure,  and  density  as  a  function  of  altitude, 
provide  a  range*  of  climatological  choices. 
.Analogotis  zonal-mean  profiles  for  the 
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major  radiatively  active  constituents  have 
been  adapted  from  satellite  data  and  dy¬ 
namical-photochemical  analyses  (see  the 
figure).  The  remaining  species  are  defined 
by  single  profiles  appropriate  for  U.S. 
Standard  conditions. 


MIXING  RATIO  (PPMV) 


Constiluent  Volume  Mixing  Ratios 
Associated  with  U.S.  Standard  Atmosphere. 

New  features  to  be  included  in  future 
updates  of  the  codes  are  the  contribution 
of  multiply  scattered  radiation  to  the 
background  radiance  calculations  in  both 
LOWTRAN  and  FASCODE,  more  accu¬ 
rate  band-model  parameters  for  the  LOW¬ 
TRAN  model,  and  the  addition  of  the 
ultraviolet  absorption  bands  of  molecular 
oxygen. 

Atmospheric  Aerosols:  To  better  un¬ 
derstand  the  properties  of  the  atmospher¬ 
ic  aerosols  and  their  effects  on  the  propa¬ 
gation  of  radiation  of  all  wavelengths 
from  the  ultraviolet  through  the  micro- 
wave  spectral  regions,  laboratory  and  the¬ 
oretical  studies  of  aerosols  are  ongoing. 

Size  distribution,  concentration,  shape, 
and  composition  determine  the  optical  and 
infrared  effects  of  aerosols.  The  influence 
of  large  temporal  increases  of  the  aerosol 


concentration  on  radiation  and  climate, 
both  by  smoke  generated  at  the  ground 
and  by  volcanic  aerosols  spreading  glob¬ 
ally  in  the  lower  stratosphere,  is  currently 
a  matter  of  concern. 

Laboratory  investigations  have  cen¬ 
tered  on  the  optical  and  physical  proper¬ 
ties  of  particulates  from  simulated  forest 
fires.  The  Defense  Nuclear  Agency  was 
interested  in  the  optical  const  .c.ts  of  such 
aerosols  for  use  in  models  of  the  climatic 
effects  of  smoke  generated  by  raging 
firestorms,  as  in  the  Nuclear  Winter  prob¬ 
lem.  The  Flying  Infrared  Signatures  Tech¬ 
nology  aircraft  operated  by  the  Infrared 
Technology  Division  provided  data  from  a 
recent  forest  fire.  In  addition,  there  were 
ground-based  observations  and  measure¬ 
ments  on  a  clear  autumn  day  in  1984  o^  a 
streaked  aero.-oi  layer  coming  from  Mon¬ 
tana  forest  fires  which  posed  interesting 
questions.  The  most  important  was  why 
the  particles  observed  here  were  much 
larger  than  those  ordinarily  seen.  Hin¬ 
drance  of  cloud-droplet  growth  by  over¬ 
seeding  in  the  rising,  supersaturated 
smoke  plumes  appears  to  have  fostered 
intense  coagulation  of  the  wetted  smoke 
particles.  Evaporation  at  the  top  of  the 
smoke  column  would  then  have  released 
only  a  small  number  of  very  large  smoke 
particles. 

With  regard  to  stratospheric  aerosols, 
the  Laboratory  evaluated  a  long  series  of 
visual  measurements  of  neutral  points  of 
sky  polarization,  which  began  in  1968.  The 
eruption  in  Mexico  of  El  Chichon  in  April, 
1982,  resulted  in  a  large  increase  of  the 
distance  of  the  Babinet  and  Arago  neutral 
points  from  the  sun  and  the  anti-sun, 
respectively.  The  data  of  this  period, 
where  the  properties  of  the  stratospheric 
aerosol  are  well  known,  are  expected  to 
permit  better  interpretation  of  the  large 
historical  record  of  neutral-point  measure- 
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nieiils  whicli  ^'■ch'S  hack  to  about  I88().  For 
exatitplf,  a  special  optical  occurrence  ;it, 
anil  after,  sunset  was  ineasureil  at  Hawaii 
soon  after  the  El  ('hichon  eruption.  It  was 
very  likely  related  to  a  very  hip:h  and 
dense  aerosol  layer.  In  our  latitude  (42° 
N'l.  this  feature  was  oiiserved  a  year  later. 
It  was  absent  after  the  stronjt  eruptions 
of  11)02  and  1011. 

One  of  the  major  results  of  the  theoreti¬ 
cal  studies  of  the  atmospheric  aerosols 
and  particulates  is  the  development  of 
models  which  describe  their  properties. 
These  models  include  spatial  variations  of 
the  particle  properties,  both  with  geoj^ra- 
phy  and  with  altitude.  The  models  for  the 
boundary  layer,  which  re()resent  rural, 
urban,  and  maritime  environments,  in¬ 
clude  a  dependence  on  the  relative  humidi¬ 
ty  and.  in  the  case  of  tlie  maritime  aerosol 
model,  on  the  prevailing  wind  speed.  The 
aerosol  models  for  the  stratosphere  allow 
for  tlie  effects  of  recent  volcanic  erup¬ 
tions,  which  sometitnes  inject  siffnificant 
(luanlities  of  dust  and  gases  into  the 
stratosphere.  There  are  also  modi.ds  for 
different  types  of  clouds,  fogs,  and  precip¬ 
itation.  These  models  were  recently  ex¬ 
tended  to  cover  the  entire  spectral  range 
from  the  ultraviolet  through  the  micro- 
wave.  in  th(.'  [irocess  of  adding  them  to  the 
FASCODE  program.  One  of  the  primary 
applications  of  the  aerosol  atid  particulate 
models  is  in  the  atmospheric  transmit¬ 
tance '  radiance  codes  EOVV'TK.AX  atid 
FAS('()I)E.  However,  these  tnodels  are 
also  used  for  such  ap]ilicalions  as  simula¬ 
tion  studies  of  lidar  measuremetUs,  or  in 
analyzing  data  from  smiie  of  the  field 
experiments.  .\  modified  version  of  some 
of  these  aere.,o|  models  serwd  as  the 
basis  of  the  aerosol  models  incorporated 
in  the  "Standard  Atmosphere  for  Kafiia- 
tion  Computation  "  developed  by  the  Inter¬ 


national  Association  for  Meteorology  and 
Atmospheric  Physics. 

Research  studies  in  this  area  have  led  to 
the  development  of  an  improved  method 
for  the  inversion  of  measurements  of  the 
radiation  scattered  by  aerosol  particles  as 
a  function  of  angle,  to  determine  the  size 
distribution  of  the  particles.  In  addition, 
research  has  recently  been  initiated  to 
de\elop  a  global  climatology  of  the  atmo¬ 
spheric  aerosols  to  aid  in  the  process  of 
determining  which  of  the  aerosol  models 
best  represents  the  atmos|)heric  condi¬ 
tions  at  a  given  time  and  location. 

There  is  still  a  serious  gap  in  our 
knowledge  of  aerosol  optical/infrared  ef¬ 
fects,  especially  in  the  planetary  boundary 
layer,  the  well-mixed  layer  immediately 
adjacent  to  the  ground,  unfler  marginal-to- 
poor  weather  conditions;  heavy  haze,  fog, 
.snow,  rain,  and  low  clouds.  To  fill  this 
data  gap  and,  at  the  same  time,  provide  a 
flexible  mechanism  for  responding  to  oth¬ 
er  data  needs,  a  mobile  optical /infrared 
laboratory  has  been  developed.  This  labo¬ 
ratory,  the  Transportable  Optical  .Atmo¬ 
spheric  Data  System  (TOADS),  consists  of 
two  instrumented  trailers  housing  numer¬ 
ous  instruments  controlled  by  nucrocom- 
imters.  The  trailers  are  normally  located 
at  the  Sudbury  test  facility  (see  the  fig¬ 
ure.) 

Spectral  radiance  and  irradiance  meas¬ 
urements  in  the  visible  and  near  infrared 
(0.;b')-1.2  pm)  are  made  with  four  grating 
spectrometers  controlled  by  a  microcom- 
jiut(.'r  from  one  trailer.  High-resolution 
spatial  and  temporal  profiles  of  relative 
aerosol  backscatter  are  taken  with  the 
lidar  installed  on  the  tojt  of  the  second 
trailer  in  a  gimballed  mount.  The  aerosol 
Itackscatter  profiles  are  inverted  to  obtain 
the  range-resolved  extinction  coefficient. 
In  addition,  this  tniiler  houses  the  lidar 
control  and  data  log'ging  system,  and  the 
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Aerosol  Backscattering  Versus  Extinction 
for  Two  Laser  Wavelengths,  Based  on 
Calculations  Using  the  AFGL  Aerosol 
Models.  (The  curves  show  the  changes  for  a 
given  type  of  aerosol  with  changing  relative 
humidity  while  holding  the  number  densities 
constant  for  the  different  aerosol  models 
(Rural.  1.7,000  particle.s  per  cm'*  Maritime; 
4,000  particles  per  cm*;  Urban;  20,000 
particles  per  cm*;  Tropospheric;  5,000 
particles  per  cm*.  The  symbols  along  each 
curve  from  left  to  right  correspond  to 
relative  humidities  of  0,  70,  80,  and  99  per 
cent  (with  increasing  extinction). 


PC/AT  microcomputers  for  instrument 
control,  data  logging,  and  real-time  data 
analysis.  Both  trailers  are  equipped  with 
standard  meteorological  sensors. 

Aerosol  size  distributions  and  concen¬ 
trations  in  the  range  from  0.002  to  20  pm 
are  made  with  commercially  available 
aerosol  probes.  Raindrop  size  distribu¬ 
tions  and  concentrations  in  the  range  from 
200  to  12,400  pm  are  measured  with  a 
PMS  rain  spectrometer.  Snow  and  rain 
rates  are  measured  using  an  automated 
tipping  bucket  system  developed  by  the 
Laboratory.  The  aerosol  scattering  char¬ 
acteristics  can  be  determined  by  tiie  mul¬ 
tiangle  visible  nephelometer,  the  dual 
wavelength  (1.06  and  10.6  pm)  polar  neph¬ 
elometer,  or  the  Abridged  Polar  Nephe- 
lon.eter  (APN).  This  instrument  can  make 
measurements  at  five  wavelengths  (0.325 
pm,  0.65  pm,  0.95  pm.,  2.25  pm,  and  10.6 
pm)  and  three  scattering  angles  (30°,  110°, 
and  140°). 

A  new  ultraviolet  forward  scatterome- 
ter  has  been  developed  and  tested.  The 
forward  scatterometer  makes  high  angu¬ 
lar  resolution  measurements  of  the  aero¬ 
sol  phase  function  in  the  solar-blind  ultra¬ 
violet  region  for  scattering  angles  of  1°  to 
10°.  This  information  is  inverted  to  obtain 
the  aerosol  size  distribution  in  the  0.1  to 
10  pm  range.  Three  new  HSS,  Inc.,  instru¬ 
ments  measure  visibility.  An  infrared 
transmissometer  determines  transmit¬ 
tance  in  the  2-14  pm  wavelength  region, 
while  a  visible  transmissometer  measures 
transmittance  in  the  0.55  pm  range.  The 
transmissometers  can  be  used  in  a  slant 
path  configuration,  by  means  of  a  special¬ 
ly  developed,  folded  path  visible/infrared 
transmissometer  and  a  retroreflector 
mounted  on  a  tethered  balloon  or  a  tower, 
to  obtain  simultaneous  measurements  of 
the  total  visible  and  infrared  extinction 
along  the  path. 


The  TOAIlS  system  has  been  used  dur- 
iiit^  tile  ])ast  few  years  to  conduct  meas¬ 
urements  uiuier  a  variety  of  almosjiheric 
conditions  (clear,  rain,  foj;  and  snow)  in 
suiifjort  of  sensor  tests  for  the  Air  Force 
(Foreij::n  Technoloj^y  Division)  and  tile 
Sandia  National  Laboratory  and  I’.S. 
Army  Cold  Retrion  Research  ami  Entti- 
neerinjr  Laboratory.  Tlie  atniosplieric 
transmission  and  [iropajfation  measure¬ 
ments  performed  with  TOADS  not  only 
contrilnite  to  a  lietter  understandinjj;  and 
modeling  cajjability  of  atmospheric  ef- 
fi'cts,  but  also  make  it  possible  to  assess 
the  performance  ctipabilities  of  opera¬ 
tional  ek'clro-optical  and  infrared  sensors 
in  different  weather  conditions. 

•AFOL  manap^ed  and  conducted  field 
measurements  to  support  the  ASD/IRST 
prop^-am  in  conjunction  with  the  First 
International  satellite  cloud  climatolop:y 
project  Regional  fixperinient  (FIRE)  at 
Madison,  Wisconsin,  This  program  investi¬ 
gated  the  influence  of  optically  thin  cirrus 
clouds  on  long  path  tratismission.  The 
data  consist  of  measurements  from  four 
ground-based  lidars,  two  rawinsonde 
sites,  a  sun  photometer,  and  lidar  and 
radiometric  data  from  a  l.igh-flying  air¬ 
craft  (NASA's  ER-2).  In  addition,  variable 
pathlength  transmission  measurements  at 
cirrus  cloud  altitudes  in  the  gm  spec¬ 
tral  range  were  made  W'th  the  FLIR 
aboard  tlm  AP’(1L  NKC-Lib  with  a  S  \C  B- 
'/2  as  a  target.  M<.‘asurements  of  the 
aerosol  size  distributions  and  the  concen¬ 
trations  along  the  flight  pain  wmre  taken 
with  the  K  band  radar  and  1-D  and  2-D 
RMS  probes  on  the  Aeroniet  Lear  jet. 

OPTICAL  TURBULENCE 

The  Atmospheric  Optics  Branch  is  en¬ 
gaged  in  measurements,  analysis,  and 
modeling  of  turbulence  as  it  influences 


the  propagation  of  an  optical/infrared 
beam  in  the  atmosphere.  Air  f'orce  and 
Strategic  Defense  Initiative  (SDI)  optical 
systems  being  planned  for  future  invento¬ 
ry  will  he  affected  to  various  e.xtents  by 
turbulence.  High-energy  laser  beams  as 
well  as  guidance,  control,  communica¬ 
tions,  and  imaging  systems  all  are  subject 
to  turbulence  wave  distortion.  Turliulence 
effects  are  encountered  in  every  day  expe¬ 
rience  in  the  shimmering  of  city  lights  as 
seen  from  a  hilltop  on  a  warm  summer 
night  or  the  twinkling  of  stars.  Turltu- 
lence-induced  scintillation  is  one  effect 
that  can  cause  loss  of  information  or 
signal  distortion  of  a  beam.  .Many  other 
optical  turbulence  effects  impact  the  per¬ 
formance  of  infrared,  visible,  or  ultravio¬ 
let  laser  systems,  such  as  image  “danc¬ 
ing”  and  beam  wtmder. 

The  most  important  pttratneter  used  to 
describe  the  effects  of  atmospheric  turbu¬ 
lence  is  the  index  of  refraction  structure 
constant,  ('■.  System  design  criteria  are  in 
turn  defined  by  parameters  deduced  from 
C;;.  Some  of  the  limitations  imposed  by  t'j 
can  l>e  partiiilly  (.ir  fully  overcome  by 
contpensated  imaging  techni(]ue.s  or  adap¬ 
tive  optics;  however,  the  turbulence- 
strength  must  be  known  to  apply  effective 
compensation  techni(|ues.  The  ability  to 
measure  or  forecast  turbulence  conditions 
is  thus  needed  to  assess  or  predict  levels 
of  degradation. 

.\h'(fL  has  developed  a  wide  range  of 
capabilities  in  measuring  and  analyzing 
o[itical  turbulence.  Particular  sites  have 
been  characterized  for  turbulence  condi¬ 
tions  and  laser  system  performance.  The 
database  of  C’“  profiles  has  been  used  to 
calculate  and  analyze  the  particular  turbu¬ 
lence  (larameters  needed  by  system  de¬ 
signers.  This  database  has  also  been  used 
U)  provide  empirical  models  of  Cj  profiles 
to  system  or  experiment  designers  for 


1H9 


ussessin”:  or  modelinjr  system  perfor- 
muiiee.  AF'Gl-  measurements  have  provid¬ 
ed  data  on  atmospheric  propaftntion  condi¬ 
tions  for  system  or  ex|)eriment  diajtnosis 
in  several  measurement  programs.  All 
these  areas  of  direct  support  of  .Air  Force 
atid  SDI  programs  are  complemented  hy 
the  in-house  resetirch  effort.  This  effort  is 
jiursuing  an  understanding  of  the  nature 
of  iilniospheric  turbulence,  its  models  and 
its  various  effects  on  optical  systems. 
Gra\  ity,  or  buoyancy,  waves  as  a  genera¬ 
tion  mechanism  <d'  turbulence  is  an  ongo¬ 
ing  research  topic.  The  relatimisliijj  be¬ 
tween  o[)tic;d  iind  mechtinical  turbulence 
is  unrler  investigation  through  analysis  of 
measurements.  Beth  these  research  ef¬ 
forts  seek  to  clarify  the  nature  of  o[>tica) 
turbulence,  but  also  support  the  larger 
effort  of  modeling  or  forecasting.  This 
modeling  has  a  broad  scope,  including 
short-term  forecasts  and  climatological 
models  as  well  as  models  based  on  meteo¬ 
rological  or  synoptic  conditions.  Finally, 
the  modeling  of  the  total  atmospheric 
effect  on  laser  beam  propagation  is  under 
development.  This  includes  the  computer 
simulation,  via  a  wave  o])tic  propagation 
code,  of  the  effects  of  turbuletice  and 
tliermal  blooming  and  is  a  natural  e.xten- 
sion  of  the  atmospheric  transmission 
codes  developed  by  Optical  Physics  Divi¬ 
sion  scientists. 

.AF(iL  turbulence  measurenients  have 
iieen  made  for  the  .Air  Force  Weapons 
Laboratory,  the  Rome  .Air  Development 
Center,  and  M. IT. /Lincoln  Laboratory. 
Research  efforts  have  also  been  coordi¬ 
nated  with  the  Strategic  Defen.se  Initia¬ 
tive  Organization,  the  .Army  .Atmospheric 
Sci‘'nces  Laboratory,  the  .Air  Force  Weap¬ 
ons  [,aboratory,  the  Air  Weather  Service. 
Space  Division  and  other  DoD  organiza¬ 
tions  to  determine  .Air  Force  reijuirements 
and  to  [ilan  measurement,  analysis,  and 


modeling  activities.  Measurements  have 
been  performed  in  conjunction  with  scien¬ 
tists  from  Army  and  Navy  laboratories,  as 
well  as  university  researchers.  The  AFGL 
measurements  have  provided  atmospheric 
data  in  support  of  jjrograms  for  the  Stra¬ 
tegic  Defense  Initiative  Organization  and 
Sj^ace  Division.  The  technology  and  instru¬ 
mentation  developed  in  measuring  atmo- 
s[)heric  turbulence  have  been  transferred 
to  assist  other  programs  (AFWL, 
DARPA).  The  AFGL  expertise  in  atmo¬ 
spheric  effects  has  been  recognized  and 
has  resulted  in  personnel  acting  as  con¬ 
sultants  to  major  .Air  Force  and  SDI 
programs,  such  as  the  Integrated  Test 
I'ldink  Experiment,  the  Free  Electron  La¬ 
ser,  and  the  Relay  Mirror  Experiment. 

Measurements:  The  thermosonde  pro¬ 
vides  AFGL  with  unique  capabilities  for 
making  in-situ  turbulence  measurements 
from  the  ground  up  to  80  km  with  high 
spatial  resolution  and  relatively  low  cost. 
The  thermosonde  consists  of  microther- 
mal  fine  wire  thermometry  instrumenta¬ 
tion  packaged  with  a  radiosonde.  It  is 
carried  aloft  by  a  balloon.  As  the  6  foot 
balloon  ascends  from  ground  level  to 
about  80  km,  the  atmospheric  tempera¬ 
ture  is  sampled  simultaneously  at  two 
points  about  1  meter  apart.  The  difference 
in  temperature  is  detected,  filtered,  and 
amplified  by  a  sensitive  Wheatstone 
bridge  and  synchronous  detector  circuit. 
Radio  transmission  of  the  differential 
temperature  measurement,  along  with 
other  meteorological  variables,  is  broad¬ 
cast  by  digital  radiosondes.  A  ground- 
based  computer  converts  the  signals  into 
G“  and  stores  the  data  as  functions  of 
altitude.  Most  of  our  tuGnilence  measure¬ 
ments  have  been  made  with  this  instru¬ 
ment.  Progress  is  continuing  to  refine  the 
instrument,  reduce  its  cost,  and  to  under- 


staiiil  ami  fliminalt'  [uissilile  error  sources 
in  the  inejisurements,  in  parlictihir,  the 
influence  of  (laytime  soltir  rtuiiation  on  the 
differential  I'esisttince  of  the  wire  probe. 
Otlier  turbulence  metisureinents  have 
been  obtained  from  the  AFtll,  stelhir  scin¬ 
tillometers  which  metisure  scintilhitions, 
or  fluctuations  in  tlie  intensity  of  a  st;ir  at 
various  spatitd  frequencies  usinji;  :i  db  cnt 
aperture  telescope.  Telescope  tind  spatitil 
weiyhtinu:  functions  are  applied  to  the 
data  to  obtain  :is  a  function  of  altitude. 
'I'his  instrument  provides  vidues  ;it 
M'Vfii  altitude  pioints  from  apiiroximately 
-  km  to  !>-  km.  The  AKtiL  scintillottieter  is 
continimlly  beiny  refined  for  ettse  (d'  c:tli- 
bration  and  opertition  ;it  remote  field  sites. 

The  thermosonde  ami  scintillometer 
complement  one  tmother  in  th-'t  the  ther¬ 
mosonde  obtttins  hig'h-resirlution  dattt 
(20m)  in  the  timeframe  (d'  the  balloon 
tisceiit  (about  I  T  hours),  tmd  tlie  scintil¬ 
lometer  tiikes  "snapshot"  [irofiles  of  tur¬ 
bulence  but  with  rather  low  altitude  reso¬ 
lution  (kilometers).  Additional  data  have 
been  obttiined  by  mesospheric-stratos¬ 
pheric-tropospheric  radar.  Doppler  radar, 
ami  other  specialized  optical  instru¬ 
mentation. 

To  clarify  the  rehitionship  of  the  jet 
stretim  and  optictil  turbulence,  a  measure¬ 
ment  campait^n  was  underttiken  at  the 
Pennsylvania  State  I'niversity  in  late 
Aiiril,  IDS)).  This  pro^rram  involved  AFGL 
thermosondes  and  scintillometer,  person¬ 
nel  from  .\F\VL,  RADC,  tind  the  Naval 
F’ostKi'iiduiite  School,  and  oittical  instru¬ 
ments,  the  PSF  radar.  meteoroloKieal  in¬ 
struments,  atid  iurcraft  measurements,  in 
addition  to  the  meteorological  expertise 
;ind  fticilities  of  [’SF'  resetirchers.  Nature 
coo[)erated  com[)letely  with  the  program 
objectives,  as  a  polar  front  jet  stream 
wandered  in  and  out  throughout  the  meas- 
uremetd  period.  .Ml  the  instruments 


.s,(iii|iic  CI.K-AIi  II  (';  ami  Wiml-.S|)ci'(i 
I’roblc  Mcasiiicd  liy  TluTinosondf.  iTlic  Cr 
pnd'ilr  is  (dilaiiieil  liy  arilliim-tii'ally 
smiHitliiiij;  llic  Z(i  Ill  rcsdliitidii  ilutu  usiiit:  a 
(iaiissiaii  window  with  a  sitriiia  id'  T.'i  ml. 

painted  a  consistent  picture  of  atmospher¬ 
ic  conditions.  The  optical  turbulence  data 
exhibited  an  enhancement,  via  a  thick 
layer  of  high  turbulence,  on  the  leading 
e<lge  of  the  jet  stream  trough,  but  not  on 
the  trailing  edge  (.see  the  figure).  Indeed, 
the  turbulence  on  the  trailing  edge  is 
virtually  indistinguishable  from  data  in 
the  absence  of  the  jet  or  under  low  wind 
conditions.  Thus,  it  appears  that  the  pres¬ 
ence  of  the  jet  stream  does  not  necessarily 
imply  degraded  optical  propagation  or  see¬ 
ing  conditions.  The  data  are  still  being 
analyzed,  but  the.se  preliminary  results,  as 
well  as  others,  are  very  promising.  This 
program  also  provided  an  ideal  opportuni¬ 
ty  to  test  and  evaluate  the  new  design  of 
the  stellar  scintillometer  and  to  compare 
its  i'l  results  with  other  independent 
measurements.  In  particular,  as  a  result 
of  this  program,  the  .AFGL  scintillometer 
has  been  found  to  provide  reliable  data  on 
the  i.soplanatic  angle.  The  data  range  of 
the  scintillometer,  from  2  to  18  km,  does 
not  [irovide  sufficient  range  for  integra¬ 
tion  of  its  output,  G“,  to  provide  isoplanat- 
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ic  aiijrlo,  ami  tlierefore  models  are  used  to 
allow  integration  beyond  this  rarij^e. 


Mi'iisuriMl  Thi'rtnosondt'  ('■  Profilo  in 
StraliisplH-o-  uia.-'ln'd  lurvf)  Superiniposi-d 
'!!!  AFCiL  Hipdi  Resolution  Model  (solid 
curvel.  (Note  tlie  charueteristie  layerintr  of 
atinospherie  optical  turliulence  in  lioth  the 
data  and  the  ntodel.  The  model  uses  only  the 
pressure  and  temperature  data  measurefi 
concurrently  with  the  Ci  profile.) 

Analysis  and  Models:  In  addition  to 
measurey.'.ents,  a  major  effort  in  optical 
turbulence  research  has  been  (ievoted  to 
modeling,  and  its  closely  related  applica¬ 
tion,  forecasting.  The  AFGL  modeling 
program  lelies  heavily  on  thermosonde 
data  to  validate  models,  as  well  as  on  the 
analysis  of  thermosonde  data.  The  model 
effort  arranges  itself  in  a  natural  hierar¬ 
chy.  There  are  the  empirical  averages, 
which  are  simple  fits  to  the  average  of 
many  thermosonde  profiles.  These  do  not 
involve  any  unspecified  parameters  and, 
in  this  sense,  they  are  “no-parameter” 
models.  However,  they  are  different  for 
different  sites,  season,  and  time  of  day. 
These  AFGI.,  model  profiles  are  models 
for  average  turbulence  conditions.  Cur¬ 
rently,  AFGL  models  exist  for  White 
Sands  Missile  Range  under  a  variety  of 
meteorological  conditions  (CLEAR  1,  2, 
and  3,  both  day  and  night)  and  for  AMOS 


(day  and  night).  Such  models  are  often 
u.sed  by  laser  engineers  as  simplified, 
“typical''  altitude  models  of  C"  to  estimate 
turbulence  effects  on  a  system  or  to 
specify  design  criteria  (see  the  figure). 
Coefficients  of  the  fits  and  the  models 
were  distributed  to  government  sources 
and  their  system  design  contractors.  The 
models  also  have  been  useful  for  contrast¬ 
ing  and  comparing  turbulence  for  differ¬ 
ent  locations  and  meteorological  condi¬ 
tions.  For  examjile,  the  models  illustrated 
the  differences  in  turbulence  intensity 
between  New  Mexico  and  Maui  in  the 
troposphere  and  elucidated  the  significant 
jet  stream  enhancement  of  Cj;. 

Another  thrust  of  the  modeling  work 
has  been  to  predict  some  of  the  detail  and 
layering  of  the  optical  turbulence  profile 
in  the  free  atmosphere  using  standard 
radiosonde  data.  Such  a  model  would  be 
extremely  useful,  given  the  extensive  net¬ 
work  of  meteorological  stations  through¬ 
out  the  world,  and  would  allow  synoptic, 
meteorological,  and  climatological  studies. 
The  VanZandt  model  has  been  investigat¬ 
ed  and  compared  to  actual  thermosonde 
data  and  has  shown  some  success.  This, 
however,  is  a  statistical  model  which  is 
computationally  intensive.  A  similar  mod¬ 
el,  developed  at  AFGL,  also  uses  standard 
radiosonde  data  and  is  computationally 
simpler  than  the  VanZandt  model.  The 
two  models  are  comparable  in  their  per¬ 
formance,  and  the  refinement  of  the 
AFGL  model  is  being  pursued.  Both  of 
these  models  produce  low-resolution  tur¬ 
bulence  profiles,  because  of  the  low-reso¬ 
lution  nature  of  standard  radiosonde  data. 
Another  effort  uses  the  high-resolution 
meteorological  data  that  is  simultaneously 
gathered  by  the  thermosonde.  This  has 
resulted  in  another  AFGL  model,  current¬ 
ly  applicable  to  stratospheric  turbulence 
only,  which  has  shown  great  promise  in 


[iiMKlucinj;  100  nu’ler  ri'soluliiin  models  of 
instuiitatieous  o[iUcal  lurlmleiK-e  profiles. 
This  model  is  lieiii<::  parsaed,  especially  its 
extension  to  the  troposphere  and  the 
boundary  layer. 

This  modeling'  of  optical  tarhalence  pro¬ 
files  is  closely  relate<l  to  the  analysis  and 
modeling  of  o[itical  [)ro[ia;.jatio!i.  This  ef¬ 
fort  has  concentrated  on  laser  beam  prop- 
aj^ation.  especially  for  }j:roand-based  laser 
systems  carrently  of  interest  to  the  .Air 
Force  and  the  Strategic  Defense  Initiative 
( )ry;ani/.ation.  The  analysis  and  modelinjx 
of  tarhalence  effects  has  been  performed 
in  terms  of  the  various  moments  of  the 
refractive  index  sti'actare  constant,  t';;. 
TIk-sc  moments  im'hide  coherence  length, 
isoplanatic  anyle,  scintillation  variance, 
ami  (ireenwood  fretiaency.  Overall  char¬ 
acterization  of  a  laser  system  (lerfor- 
mance  has  been  studied  at  .-XFOL  throujzh 
the  calculation  of  Strehl  ratios,  which  are 
the  ratios  of  peak  intensity  with,  and 
without,  a  jiarticalar  turbulence  effect. 
These  are  the  parameters  used  in  applica¬ 
tions  to  system  and  adaptive  optics  de¬ 
sign,  as  well  as  to  cha/’acterize  overall 
conditions  and  laser-beam  propa^tation  ef¬ 
fects.  Fsin^r  the  AP’GL  database,  optical 
physicists  study  the  variation  of  these 
parameters  and  investijtate  the  previously 
mentioned  models  for  their  usefulness  in 
predicting  these  parameters.  F’urther  ef¬ 
forts  have  bey'-un  in  applyinjt  linear  predic¬ 
tive  methods  to  forecasting  short-term 
chanttes  and  fluctuations  of  the  moments, 
h'inally,  these  pro[)aKation  analyses  and 
models  have  been  extended  to  incorporate 
the  effects  of  thermal  blooming.  This 
effort  has  just  begun  and  will  result  in  an 
integrated  optical  projiagation  code,  calla¬ 
ble  of  modeling  the  effect  of  the  atmo- 
sjihere  on  the  projiagation  of  a  laser  beam 
from  the  ground  up  to  s[jace. 


Hiioyaiu-v  Ituntrc  Turbulfiu’c  iHKTl.  (This 
t,v|'v  uf  uirhuli'iH-o,  (.•x|iccUm1  in  the  sUihli' 
aUiiosphcrt'.  was  known  to  occur  oiitsiilc  the 
circle  l■losin^r  IltT  in  this  parameter  plot. 

Inertiiil  rantte  turliiilence  llRT)  is  the 
"casciidinn"  homogeneous  t.vpe  most 
stuilieil.  .\F(;L  discovered  'hat  HRT 
occupied  the  ri’ttion  shown,  as  a  restill  of  it 
comparison  hetween  the  physics  of 
tiirhulence  and  the  physics  of  waves.  RRT  is 
;i  hvhriii  hetween  waves  and  turbulence. 

This  discovery  should  aid  future 

investigators  in  understandir.g  tl.eir  data.) 

AFGL  has  also  conducted  more  funda¬ 
mental  research  into  the  nature  and  origin 
of  atmospheric  turbulence.  The  internal 
buoyancy  waves  in  the  atmosphere,  called 
gravity  waves,  are  believed  to  be  responsi¬ 
ble  for  most  of  the  optical  turbulence 
above  the  planetary  boundary  layer. 
AFGL  has  therefore  conducted  an  investi¬ 
gation  of  these  waves  in  the  hope  of 
making  use  of  the  results  in  optical  turbu¬ 
lence  forecasting.  For  the  first  time  the 
theory  of  gravity  waves  was  used  to 
explain  wdiy  upper  atmosphere  wind  shear 
amplitudes  do  not  grow  with  altitude.  The 
jiower  spectrum  of  the  shears  is  universal. 


Cliniiitt',  location,  or  time  of  year  do  not 
ajjpear  to  have  any  noticeable  effects  on 
the  spectrum,  and  this  finding,  based  in 
[lart  on  our  own  experiments,  is  true  in 
the  atmosphere  at  all  heights,  and  in  the 
ocean  as  well.  The  spectrum  represents  a 
turbulent  saturation  effect  (see  the  fig¬ 
ure).  Whenever  there  are  departures  from 
it,  turbulence  dumps  out  the  excess  ener¬ 
gy  and  restores  the  universal  form.  In  the 
present  time  period,  further  publications 
and  data  analysis  have  been  completed 
and  further  convincing  evidence  for  our 
hypothesis  has  been  obtained.  Our  theory 
explained  the  observed  dependence  of 
spectral  slope  upon  spectral  amplitude 
and  has  yeneratefl  mueh  interest. 

LIDAR  TECHNOLOGY 

Research  in  the  remote  sensing  of  opti¬ 
cal  and  meteorological  properties  of  the 
atmosphere  using  the  techniques  of  la.ser 
radar,  or  lidar,  is  carried  out  as  a  part  of 
the  AFGL  program  m  atmospheric  optics. 
In  lidar  applications,  observations  are 
made  of  the  light  scattered  (generally  at 
180”)  from  a  laser  beam  as  it  propagates 
through  the  atmosphere.  These  observa¬ 
tions  are  used  to  determine,  as  a  function 
of  range,  the  nature  of  the  scattering 
elements  present  along  the  beam  path  at 
great  distances  from  the  transmitting 
source.  Using  this  active  approach  to  re¬ 
mote  .sensing,  the  AFGL  program  includes 
ground-based  and  balloonborne  instru¬ 
mentation  to  measure  aerosol  scattering 
and  optical  extinction,  the  concentration 
of  minor  species  such  as  water  vapor  and 
carbon  dioxide,  and  the  magnitude  and 
direction  of  atmospheric  wind  fields.  Of 
principal  interest  in  this  program  is  the 
evolutionary  transition  of  present  ground- 
based  and  balloonborne  technology  to  li¬ 
dar  systems  based  in  space,  which  will 


ultimately  provide  global  nusisurements 
of  a  full  range  of  atmospheric  parameters 
observed  within  the  lower  stratos|)here 
and  troposphere  over  seasonally  signifi¬ 
cant  time  periods. 


Lalionitory  Tt'.^Unt;  of  Now  Typo  Injection- 
I-ocl<o(i  t O'TK.X  Laser  To  Bo  I’sod  in 
I'licomiiiK  Hivl'-.\Bita<lo  .Xlmosplioric 
Moasuri-monls. 


APGL  Mobile  I)opj)ler  Lidar  Syslom. 


High-Altitude  Lidar  Measurements: 

Using  both  a  laboratory  lidar  observatory 
(see  the  figure)  and  a  trailer-mounted 
mobile  system  (see  the  figure),  each  simi- 


larly  ftiaippt'il,  Al-'dl,  scientists  have 
made  ranife-resuK  ed  nhseia  atiens  of  al- 
mnspheric  hackscatt'-r  ever  a  ranj>:e  of 
apjier  stratespiuTic  ami  mesospheric  alti¬ 
tudes.  'I'he  lahoratory  nieasuiamietits  per- 
foriiual  at  the  .\FtiL  location  have  de¬ 
tected  resonance  scatticrine  from  meteor- 
itic  sodium  at  laser  wavelengths  in  the 
visihle  and  e:eneral  Ra\leitth  scatterinjr 
throughout  the  middle  atmosi)here  repfion. 
Tlie  mohile  lidar  system  has  heen  plticed  in 
ojieralion  at  doth  Wallops  Island,  \'irp:in- 
ia.  ami  1‘oker  Flat  lu'search  Ivan^e,  Alas¬ 
ka.  It  has  successfully  ohserved  R;iylei).th 
hackscatter  from  \er\'  hieh  altitudes,  a 
region  where  tlie  return  sio'nal  is 
uncontaminated  hy  scattering  from  aero¬ 
sols  and  uhere  it  |ir(j\'ides  a  direct  me;i- 
surenient  of  the  atmospheric  density  pro¬ 
file  when  calihrated  hy  instrumentiil  fac¬ 
tors  or  hy  a  reference  density  measure¬ 
ment.  Ry  usine  model  derived  rehtlioti.s, 
the  temperature  profile  cttn  he  ol.itained 
from  the  observed  densities.  The  lidar 
measurements  at  hi^rh  northern  latitudes 
Were  iierformed  to  ohtaiii  density  d;ita 
with  liiyh  temjjoral  resohitimi  to  estal.)lish 
^O'ueral  density  ju'ofiles  and  the  mtinner  in 
which  they  chancre,  in  particular  the  na¬ 
ture  of  sharp  densitv'  gradients  which 
occur  in  liiis  retrion  and  imptict  reenterinp: 
spacecraft  crossinp''  polar  latitudes. 

Space-Based  Lidar  Measurements: 

The  Lahoratory  is  involve(i  in  the  ilevelop- 
rnent  id'  sjiace-hased  lidar  sensors  on  three 
technolojrical  fronts.  Most  direct  has  heen 
the  involvement  with  the  Defense  Meteo¬ 
rological  Satellite  I’rojtram  (DMSR)  Office 
in  the  development  id'  an  approach  to  the 
measurement  of  trojiosiiheric  winds  from 
an  operational  spacecraft  over  a  multiyear 
lifetime  (see  the  figure).  It  is  pmnerally 
agreed  in  the  meteoroIopMcal  community 
that  the  timely  availahility  of  winds  dat;i 


SPACE  BASED  DOPPLER  LIDAR 


Spai'o-fiasoil  i)u|)pli>r  l.iiiar, 

on  a  jjtlohal  htisis  will  luive  important 
consei|uences  for  improved  forecastin^n 
Wind  speeds  with  meter-per-secund  accu¬ 
racy  and  with  ^mod  directional  informa¬ 
tion  appear  to  he  obtainable  from  satellite 
systems  as  shown  hy  results  of  extensive 
nunterical  simulations,  althmurh  the  re- 
tiuired  lidar  technolo^ry  is  the  most  ad¬ 
vanced  within  current  planning  cycles.  In 
[lursuit  of  these  >roals,  the  DMSP  Office  is 
followiiiji  a  multiphase  approach  to  instru¬ 
mentation  of  increasing  complexity  over 
the  next  several  years.  AFGL  .scientists 
are  particijtating  in  these  developments  in 
an  advisory  capacity  to  DMSP  and  in 
m:in;igement  of  an  on-going  lidar  design 
study. 

Closely  related  to  these  space  system 
considerations  is  the  develoiiment  of  a 
ground-based,  trailer-mounted  CO;,  coher¬ 
ent  lidar  for  making  wind-field  measure¬ 
ments  over  a  TO  km  range  in  a  hemispheri- 
ciil  [lattern  centered  at  the  lidar  site.  This 
highly  stable,  narrow  linewidth  laser  sys¬ 
tem  u.ses  coherent  technhiues,  including 
heterodyne  detection,  to  achieve  the  sensi¬ 
tivity  necessary  to  determine  wind  speed 


from  the  Doppler-shifted  backscatter  re¬ 
turns  produced  by  aerosols  co-moving 
with  the  atmospheric  w’ind  field.  A  laser 
currently  under  development  for  this  spe¬ 
cific  task  has  output  power  in  the  1  to  5 
joule  per  pulse  range  at  50  pulses  per 
second.  The  laser  design  is  based  on  elec¬ 
tron  beam  excitation  of  CO^  at  near  atmo¬ 
spheric  pressure  (TEA  laser).  In  addition 
to  the  research  effort  required  to  bring 
this  laser  system  to  operational  status, 
sophisticated  signal  processing  and  data 
display  and  analysis  techniques  are  in  the 
course  of  parallel  development.  Although 
the  ground-based  system  hardware  and 
its  resource  requirements  are  inappropri¬ 
ate  for  use  in  space,  the  measurement 
techniques  and  the  signal-processing  soft¬ 
ware  developments  have  close  analogy  to 
presently  planned  wind-sensing  systems 
for  use  in  space,  and  these  current  re¬ 
search  efforts  will  contribute  importantly 
to  future  designs  for  space-based  sys¬ 
tems.  The  wind-measuring  capability  of 
thi'^  CO9  mobile  system  has  direct  applica¬ 
tion  to  meteorological  needs  other  than 
systems  developed  for  use  in  space  since  it 
has  the  capability  to  sense  wind  shear  and 
other  severe  weather  phenomena  in  the 
vicinity  of  airfields  and  other  sensitive 
areas. 

A  third  area  of  lidar  development  with 
ultimate  application  to  space-based  tech¬ 
nology  is  in  balloonborne  systems  which 
provide  an  intermediate  step  toward  space 
in  the  manner  in  which  they  simulate 
flight  under  severe  environmental  condi¬ 
tions  at  very  high  altitude  and  in  provid¬ 
ing  an  observational  vantage  point  above, 
and  essentially  outside,  the  sensible  atmo¬ 
sphere.  A  system  flown  in  the  past  (see 
the  figure)  contains  a  doubled  and  tripled 
Nd:YAG  laser  transmitter.  Currently  be¬ 
ing  added  is  a  state-of-the-art  CO.^  laser 
system  with  sufficient  stability  to  allow 


,‘\FGL  Balloonborne  bidar. 

coherent  operation  and  to  provide  aerosol 
scattering  data  in  a  wholly  different  spec¬ 
tral  region  in  the  infrared  A  balloonborne 
system  for  Raman  scattering  'noa^ure- 
ments  of  water  vapor  and  carbon  dioxide 
presently  in  design  will  make  observations 
during  the  ascent  and  descent  portions  of 
the  balloon  flight  profile  as  well  as  from 
float  altitude.  In  simulating  the  observa¬ 
tional  viewpoint  of  a  satellite  sensor,  the 
balloonborne  systems  provide  baseline 
data  on  backscatter  signal  levels  and  re¬ 
lated  system  parameters  which  can  then 
be  scaled  to  other  altitudes,  system  geom¬ 
etries,  and  sensitivity  levels  to  guide  the 
design  and  the  anticipated  performance  of 
the  space-based  lidar  system. 

INFRARED  CELESTIAL  BACKGROUND 

The  performance  of  an  upward-looking 
infrared  surveillance  sensor  is  limited  by 
the  general  nature  and  detailed  character 
of  the  naturally  occurring  background 
against  which  the  system  must  operate. 
The  Optical  Physics  Division  conducts 
spaceborne  experiments  to  measure  this 
background,  and  is  responsible  for  reduc¬ 
ing  and  analyzing  these  and  other  experi- 
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mental  data  in  order  to  create  a  basis  for 
performing  realistic  system  trade-off 
analysis. 

During  the  last  year  the  Celestial  Back¬ 
grounds  group  constructed  and  success¬ 
fully  tested  an  imaging  spectrometer  for 
use  at  ground-based  observatories.  The 
heart  of  this  itistrument  is  a  58x62  ele¬ 
ment  Si: As  mosaic  direct  readout  detector 
array.  This  instrument  is  capable  of  ob¬ 
taining  either  high-resolution  images  in 
selectable  spectral  bands  in  the  8-14  pm 
region  or  simultaneous  8-14  pm  spectra 
over  a  spatial  region  several  arc  minutes 
in  extent. 

The  Visual  Photometric  Experiment,  a 
Get  Away  Special  experiment  for  the  shut¬ 
tle.  was  designed,  constructed,  and  tested 
during  1986.  This  experiment  will  obtain 
large-scale  B,  V,  R  and  H  alpha-measure¬ 
ments  of  the  diffuse  galactic  and  zodiacal 
background.  These  data  will  constrain  the 
parameters  in  the  long  wavelength  infra¬ 
red  phenomenology  models,  particularly 
those  for  the  zodiacal  background. 

Work  on  the  Diffuse  Infrared  Galactic 
Background  Experiment  began  in  1986. 
The  objective  of  this  experiment  is  to 
obtain  5-18  pm  spectra  at  2  percent  resolu¬ 
tion  for  several  regions  along  the  galactic 
plane,  the  galactic  center,  .several  H  II 
regions  and  reflection  nebulae  and,  hope¬ 
fully,  ot  the  brightest  infrared  “cirrus.” 
The  infrared  cirrus  is  whispy  long  wave¬ 
length  infrared  emission  related  to  inter¬ 
stellar  dust.  It  has  been  speculated  that 
the  unusually  strong  long  w'avelength  in¬ 
frared  flux  from  this  background,  as  well 
as  from  reflection  nebulae  and  H  II  re¬ 
gions,  is  due  to  band  emission  from  either 
polycyclic  aromatic  hydrocarbons  or  par¬ 
tially  hydrogenated  amorphous  carbon. 
High  (juality  spectra  are  needed  to  pro¬ 
vide  a  basis  for  identifying  the  emitting 
species  and  to  analyze  the  a.stro{)hy.sica! 


conditions  under  which  differing  com¬ 
pounds  are  formed.  Because  of  the  ex¬ 
tended  nature  of  this  emission  it  can  only 
be  studied  from  a  space  platform. 

Physical  and  phenomenological  model¬ 
ing  of  the  various  celestial  background 
components  continued  in  1986  with  some 
emphasis  placed  on  high  spatial  resolu¬ 
tion.  A  major  new  effort  began  to  super¬ 
resolve  long  w^avelength  infrared  celestial 
survey  data,  initially  that  from  the  Infra¬ 
red  Astronomy  Satellite.  This  requires 
advancing  the  state-of-the-art  in  image 
enhancement  as  survey  data  are  quite 
different  from  the  rectilinear  images 
taken  with  a  symmetric  beam  profile  that 
the  current  standard  super-resolution  al¬ 
gorithms  demand.  Several  procedures  are 
being  developed;  to  date  a  resolution  im¬ 
provement  by  about  a  factor  of  50  has 
been  obtained  on  special  survey  observa¬ 
tions. 
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Augusl-September  IhHJ:  Studies  of  Equatorial 
SdO.O  nm  Airgloie  Enhaneemenls  Produced  by 
a  Chemical  Release  in  the  FRegion 
Planotary  and  Space  Sci.  S2  (1984) 

Biondi,  M.A.  (Univ.  of  Pittsburgh, 
Pittsburgh,  PA);  SiPl.KR,  D.P.  (AFGL); 
and  Weinschenker,  M.  (Univ.  of 

Pittsburgh,  Pittsburgh,  PA) 

Multiple  Aperture  Exit  Plate  for  Field- 
Widening  a  Fabry-Perol  Interferometer 
■}.  Appl.  Opl.  24  (198.7) 

Dewan,  E.M. 

On  the  \ature  of  Atmospheric  H'arc.s  and 
Tu  rbulence 

J.  Radio  Sci.  20  (Nov-Dec  198.7) 

Atmospheric  IVnce.s  and  the  Sature  of 
Buoyancy  Turbulence  in  the  Context  of  the 
HVuc.s  I's  ID  Turbulence  Debate 
MAP  Handbook  20  (Aufj  1986) 

A  Proposed  Experimental  Test  to  Distinguish 
Between  Waves  from  J-D  Turbulence 
MAP  Handbook  20  (August  1986) 

Dewan,  E.M.,  and  Good,  R.E. 

Saturation  and  the  “Unirersal"  Spectrum  for 
Vertical  Profiles  of  Horizontal  Scaler  Winds  in 
the  Atmosphere 

J.  Geophyx.  Res.  91  (20  February  1986) 

Eaton,  F.D.,  Garvey,  D.M. 
(Atmospheric  Sci.  Lab.,  White  Sands 


Missile  Range,  NM);  Dewan,  E.,  and 
BE1.AND,  R.  (AFGL) 

Transverse  Coherence  Length  (r,,,i  Obserrations 
SPIE  Vol.  771  (1987) 


Esplin,  M.P.  (Stewart  Radiance  Lab., 
Bedford,  MA);  and  Rothman,  L.S. 
(AFGL) 

Spectral  .Measurements  of  High  Temperature 
Isotopic  Carbon  Dioxide  in  the  fh  pm  and  J.S 
pm  Regions 

,J.  Molecular  Spectroscopy  116  (1986) 


Gamache,  R.R.  (Univ.  of  Lowell. 
Lowell,  MA);  and  Rothma.n,  L.S. 
(AFGL) 

Theoretical  S j-Broadened  Halficidths  of  "0,, 
.Ap|)l.  Opt.  24  (1  .June  1987) 


Gamache,  R.R.  (Univ.  of  Lowell, 
Lowell,  MA);  Davies.  R.W.  (GTE, 
Waltham,  MA);  and  Rothman,  L.S. 
(AFGL) 

Theoretical  \,.0j.  and  Air-broadened 

Halficidths  of  Ozone  Calculated  by  Quantum 

Fourier  Theory  with  Realistic  Collision 

Dynamics  in  Atmospheric  Ozone. 

ed.  C.  Zerefors  and  A.  Gliazi,  D.  Reidel  Pub. 

(1987) 


Gardner,  C.S.  (Univ.  of  Illinois, 
Urbana,  IL);  Philbrick,  C.R.  (AFGL); 
VoELZ,  D.G.  (Univ.  of  Illinois,  Urbana, 
IL);  and  SiPLER,  D.  (AFGL) 

Simultaneous  Lidar  Measurements  of  the 
Sodium  Layer  Structure  at  the  Air  Force 
Geophysics  Laboratory  and  the  University  of 
Illinois 

J.  Geophys.  Res.  91  (November  1986) 


Li-^i.e,  S.J.,  and  Price,  S.D. 

Infrared  Mapping  of  the  Galactic  Plane.  IV. 

The  Galactic  Center 

Astron.  J.  90  (September  1987) 


Littee-Marenin,  I.R. 

Carbon  Stars  with  Silicate  Dust  in  Their 

Circumstellar  Shells 

Astrophys.  J.  Lett.  307  (1  Aupust  1986) 


Lrrn.K  Makknin,  I.R.,  and  Puick,  S.D. 

The  Sh<t[.Hs  I)/ the  < 'i  rcn  ttisfrilni-  "Si/icdtc" 

t'i'iltK  f  ('S 

Prof  SuintmT  Schnol  nf  IiUi  rsii'liar  f'nua'sses 
(2-7  .Inly  I'.tStl) 

Ml  KCKAV,  Da;.,  Mriti'RAY,  F.H., 

Mi  rck.W.  K.J.  il'niv.  of  Denver, 
Denver.  CO):  and  \’.\NAS.'<K, 

(.•\F(;L) 

Mcdsn  rctut  u,'  .\f  tunsphf  nc  K>nissi<>n  <if 
H}<)h  Sprctri}:  Rrsiiliitton 

,1  of  tho  Mr'trur  StHc  nf  .lapan  ‘12  (2>  April 


Ml  i:iMM  K,  T.D.,  and  Pkk'i;,  S.D. 

hihiinii  \f»  nsu  rt  f/if  n  fs  nf  /<n{i<fC(t!  Li<jht 
Asimri  .1  :mi  iKftiniary 

Mrurnv,  K.A,,  Dk^vax,  K.M.,  and 
S..M. 

{'nd!  p{\  r\H())is  nl  \f(nlfls  fo 
Mcdxa  rrni(‘7i^s  iti  n  i  !  IjiCdUoft 

SPIK  Ail:iptivt‘  I'ptics  '*ol  iplS.")) 

Pmi. BRICK.  C.R.  (.AFCiL):  Brrnix,  J.L. 
(N'ASA/GFSC.  Wallops  Island.  V.A); 
and  (PardNKR.  C.S.  iCniv.  of  Illinois, 
I'rbana,  lid 

A  S()li<t  Slatf  Tiiiinhh-  l.iisri  for  [!t's(j>iancc 
Mcnsii  n  tni’iij.i  at  Al  finufplii-ric  Siidiiitn 
Sprirajvr  Sorics  in  Optical  Sciences  .'il  (RiStll 

PhIRBRICK,  C.R..  SlRI.KR,  D.P.. 

Bai.srkv.  B.B..  Ci.wicK,  J.C. 

Thf  'sT‘W/^; 

I)j/nd  fri  if’s 

A'lv,  Spact'  K*'s.  1  (l!*N4t 

Phii. BRICK,  C.R.  (AFOId:  Barnk'it,  J.J. 
(Oxford  Univ..  Oxford,  UK);  Gkrndt, 
R.,  Offkr.manx,  1).  (Umv.  of 
Wupitertal,  Wuppertal,  FRG); 
Pkxoi.kto.x,  W'.R.,  .Jr.  (Utah  St.  1,'niv., 
Lo(Ran,  UT):  Schi.ytkr,  P.  (Univ.  of 
Stoekholm,  Stockholm,  Sweden); 

S(  HMiiu  iN,  F..J.  (N’.VSA,  Wallops 


Island.  VA);  and  Wrrr,  G.  (Univ.  of 
Stockholm,  Stockholm,  Sweden) 

Tempt'riilnrv  Xteaxiiremi'nls  During  the  (Vonp 
Progru  lu 

.Ailv.  .Space  Res.  4 

Phu.bkick,  C.R.  (AFGU;  ScHMiin.iN, 

PC, I.  (NASA  Goddard  Space  Flight  Ctr., 
Wallops  Island,  V'A);  Gross.ma.xn,  K.U., 
Laxck,  G..  Okkkr.mann,  D.  (Univ.  f 
Wuppertal,  Wuppertal,  FRG);  Bakkr, 
K.D.  (Utah  St.  Univ.,  Logan,  UT); 
Kra.xkovvskv,  D.  (Max-Planck  Institut 
ftir  Kernphysik,  Heidelberg,  FRG);  and 
voxZahn,  U.  (Univ.  of  Bonn,  Bonn, 
FRG) 

Deuxiti/  (itid  Teuiperut II  re  Striieliire  Oeer 
Xiirlherii  Europe 

.1.  .Atiims.  and  Terr.  Phys.  47  (IHS.A) 

Prick,  S.D. 

Inlerplonelnry  Duxt 

Proc.  K.S.A  \Vks)ip.  on  .Space-Borne  Snli-.Millinieter 
.Astronomy  Mission  (4-7  .June  litS(i) 

Slruelure  of  the  Extended  Einixsion  in  the 

Infrared  Celestial  Haekground 

SPIK  Symp.  IE)  =()S.Y-2r)  Cill  Seplemlter  lUSii) 


Rothma.x,  L.S. 

Infrared  Energy  Levels  and  Intensities  of 

Carbon  Dioxide  -  III 

•).  .Appl.  Opt.  2b  (1  .lune  19S(i) 

Rothman,  L.S.  (AFGL);  and  Wattson, 
R.B.  (Visidyne,  Inc.,  Burlington,  MA) 

Determination  of  \  ibralionai  Energy  Levels 
and  Parallel  Hand  In'ensities  of  by 

Direct  Xiinierieal  Diagonalization 
.1.  Molecular  .Spectroscopy  119  (Sejilember  198(1) 

Stair,  A.T.,  Sharma,  R.D.,  Nadikk, 
R.M.  (AFGL);  Baku:,  D.J.  (Utah  St, 
Univ.,  Logan,  UT);  and  Grikukr,  W.F. 
(Boston  Coll.,  Newton,  MA) 

Obserrations  of  Limb  Radianee  with  Cnjogenir 
Spertral  Infrared  Rocket  Experiment 
■I  (ieophys.  Res.  90  (I  October  198.7) 


lit!) 


Tkakhovskv,  K. 

A  nnm  ft  t  / h  trrnnm'd  /»//  Tntnsfttitfn  firr 
Mt  iisu  n  fiir}tts  nt  thr  Stilar  lilifKi  SfH'ctntl 

-i  .'vppi.  <tpt.  lil 

Tkakhovskv,  K.,  and  SHi:rn,i;.  H.P. 

I }>> l•^r^  rsh^n  Ptitccduns  for  the 

Ri  tnrt'ol  ot  Ai  rost>!  SiZf  !)».'<( nhut tons  I'sittti 
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SoaUlo,  \VA):  and  Shk'ITI.k.  K.P. 
(AF(;L) 

(Ipfictil  (  onstants  ttf  !<•«'  in  thr  Infntrrd 
A  f  nnisiifn  ri<-  1'  t  ndoirs 
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Whitk,  K.O.,  (Jakvkv.  D.M.  d'.S. 
Army  Kradcom,  Whitt'  Sands  Missile 
FUinjfe,  N'M):  and  GooH,  R.K.  (APXild 

Optii-dl  I'nijHiipitiiiu  (’h<ir<ul<ri:(il,,,n  ul 

Him.  Tm  Sitf 

SI’IK  .\<la|itivc  ()|)tic,'i  .'lAl  (l!ts.')l 


PRESENTATIONS  AT  MEETINGS 
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Battlks,  F.P.  (Massachusetts  Maritime 
Academy,  Buzzards  Bay,  MA); 

Mi  ki’HY,  E.A.  (AFGL);  and  Noonan, 
J.P.  (Bedford  Research,  Bedford,  MA) 

Th'-  Corilrihutunis  of  Atmosphcrir  Dioisily  to 
Ihc  Drop-Off  fifth’  of  ('; 

XXVI  ('(ISI’.AR  Mlg.,  Toulousf,  Krain-o  (SO  .June- 
IZ  July  lltSti) 

Bkdo,  D.E.,  and  SwiftKAi.r.s,  R.A. 

HiirlfsrnUrr  Mi'oxiirrnti’iitx  from  n  liallonn- 
hortir  l.itlnr 

,\0r  Mtir  ,  Baltimore,  Ml)  (ZT-Jl  May  IDS.'i) 


Bki.anii,  R.R.,  and  Brown,  ,J.H. 

A  Di’trrtninistir  Ti’in  jirriit n  rr  Modi  I  for 
S(  nitosiifirnc  Optirol  Tu  rbu  h  tier 
XW'I  ('OSl’AK  Mt^^.  Ti)uli*iiS(‘.  Franci*  CiO  .luin' 
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Brown,  J.H.,  and  Bki.anu,  R.R. 

A  Sitr  ('oni  i>ii  rison  of  f  tpt  ictil  Tn  rhn  Ir  nee  ni 
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■  12  July  lltsh) 

Brown,  J.H.,  Bki.anh,  R.R.  (.\FGL); 
Eaton,  F,I).,  and  Pktkrson.  W.A. 
(.•\SL,  While  Sands  Missile  Ranue.  NM) 

Isopld  n(i  t  ir  Anplr  iO..)  Ohsrrcdt  ions 
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E, P,,  and  Andkrson,  G.P. 

.Atmoxithfric  Rfidinttcr  and  Triiii.xmiltdttrr: 

F. ASCODKJ 

.Sixtii  Conf.  on  .Atmospherio  Resolution. 
Williaitishurt',  V.A  (.May  IDS)!) 

Daviks,  R.W.  (GTE  Lab.,  Waltham, 
MA);  Cboich,  S.A.,  and  Knkizys,  F.X. 
(AFGL) 

lAtif  Shnpcx  for  Atmosphrnc  .Wo/cca/e.s. 
('alciitnltons  for  Watrr  Vnpor 
Ninlli  Colloquium  on  Hijrli  Resolution 
Spectroscopy,  Riccione,  Italy  (Ui-ZO  .Septemlier 
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Dkwan,  Fl.M. 

WVire.s  find  Turbulrticr:  The  I’hyxicol  [''ffcrrnrc 
Waves  and  Turbulence  Workshop,  LiUolla,  CA  (2 
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IHavan,  h;.M.,  ;uui  (liioii,  H.H. 
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i’i!\ 

F.'i'i.iN.  M.F.  iSinwart  ivadiancn  Lali,. 
Hndfiird,  M.Ai;  and  M'l'i 'i;i J.P. 
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I  'nliniii'U'-,  nfj  I  IT  .lunr 
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LnwidI,  M.\i;  and  PinriiMW,  I.,S, 
(AF(;i,) 
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A’oki-Z.  IX(j.  (I'niv.  of  Illinois,  I’rhana. 
ID:  and  Sipi.kk,  D.  (AFGL) 

Sitnulf{if(c(t/(s  LIDAH  Mcasutrmvfils  of  the 
Sodium  /.ai/rr  Structure  ut  the  An  h’orre 
(icofihlfsirs  Lutnirutorif  and  the  I  nirersitff  of 
lihuois 

I.iih  Inlfrr‘al.  Las<T  Ka<lar  ('onJ..  Toronto. 

Canaria  (U  I'l  August  l!iStii 

Goon,  R.F.  (AFGL);  Gahvkv,  D.M,, 
Pktkrson,  W.A.  (ASL,  White  Sands 
Missile  Ranjje,  N'M);  and  Brown,  J.H. 
(AFGL) 

luifuiid  of  Turhulenee  <tu  Ijiser  l*rofui()at mu 

f'rom  nSMl;  HIDL)  Site 

Sf'IK  Mtjii:..  Arhiijrton.  VA  (April  I’JS.'d 

K  < )  K  N I  ( i ,  C I .  ( j . 

Extnietiou  and  SeatterniQ  1‘rofierties  of  Fallini) 
Suoir 

Snt»w  Syinp.  VI..  Hanovrr.  NH  (I--!  !  Auj;i:>l 

Koknio,  G.G,  (AFGL);  Lioi  ,  K  N’,,  and 
Grikkin,  M,  (I'niv.  of  I'tah.  Lojran, 

I'T) 

hn-estitiatiftu  of  the  ('li)natir  hffeets  of  ('loads 
Csnuf  IDSEPH  and  Earth  Radiation  liadifrf 
Data 

IAMAI'  IAPSO  Joint  Asshly..  Honolulu.  H!  (11*' 
Au^rusl  llt.'^.'i) 

LkVan,  P.I).,  and  Prick,  S,D. 

IRAS  I, nil'  Fhi.ccs  III  Ihr  Shi  rhii  ixl  (iiiliij'ii  .VP.' 
Until  Mte''.  Ilf  the  .Am.  .Astron.  Sue.,  HnusUin. 

TX  (fi'.t  .Itiiuiary  I'.lSti) 

LkVan.  P.I)..  Mi  rdock,  T.L..  Tandy. 
P.G.  and  Lrrri.K,  S..L 

The  At(il,  Infrared  Mosaic  Speet rotneter 

MtiT-  "I  Atn.  A.-<{rori-  Sue.,  rharlottosvillc. 

\  ,\  7  Juno 

Mi  rrhy,  L..\..  and  S)iki,don,  S. 

C,  MdiIi  Iiiiii  Almri-  Ihf  < 'dii |■^■|■| i rv  Hull  mill  ry 
l.iiyrr 

Sl’IK  Mt|r  .  .Arlmtrtim.  V.A  (.April  I‘.ls.‘il 


G\i:DNt;R,  C.S.  il  niv.  of  Illinois, 

1  rhana,  IL):  Pnii,t-.i:icK.  C.R.  (AFGL); 


Okkkrman.  I).,  Kcchi.kr,  R,.  L.anok, 
G.  (I'niv.  of  Wuppertal,  FRG); 
Pmi.RRicK,  G.R.  (Ah'GL):  and 
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S(  HMIDI.IN,  F.J.  (NASA  (loddaj’ii  S|)aet“ 
Flight  Fir.,  Wallops  Island,  \'A) 
{)itnnnni'(ii  Fcdttirvs  m  the  Middle  At iH(tsf>here 
rit  llnih  l.(ifitnde!i  I)unn(j  <i  Miunr 
St  rntdsfiln  ric  Wa  nn  nt(] 

XW'I  (’OSI'AR  Touldiisf.  Kruntv  Cio  .lutic- 

\'J.  .Iu!> 


I’lvic'K,  s.n. 

I nft  I  idf}  Hrtij  rif  Dust 

F!urnj>»  ;ii!  S|iaF*‘  A.L'^r?j<*v  Wkshp..  St-^ovia.  Spain 
I  i-T  .lunr 


K()TH.\ia.\,  L.S. 

HITRAX.  Till  Miilci'iiliir  Al>iii>ri>l mu  Daliihiisi, 
.V.V17  ro.sV’.-lA'  Mil,.. 

Tiiulousr,  Krani'f  Cio  ,)iiiu‘  ■  12  -Inly  I'.isil) 


Rothm.x.v,  L.S. 

H ITR.A.\ .  the  Miili'citliir  .Ahsorfil mii  DnltiUiisi' 
Sixlh  ('(inf.  (in  .Aoncis.  Kadiatiiin.  VViHiaiiisInirtr. 
V.\  (May  llistl) 


Rothm.w,  L.S.  (AFGL):  and  G.wi.achk, 
R.R.  (Univ.  of  Lowell,  Lowell,  MA) 

Ti'nipernl iiri  Di-pi’iidcncc  of  .X'-Hroitdi  ricil 
Hiilfii  iilth.'i  I)/  OzDtic 

40tli  Syrii/i.  Ilf  .VfoJecolar  SiifctriKciipv,  Columhu.';, 
OH  (i;-21  .luru'  las.'i) 


Rothm.w,  L.S.  (AFGL);  and  W.A'n’SON, 
R.B.  (Visidyne,  Inc.,  Burlington,  MA) 

Ermri/p  l.rii  U  atid  Band  Strenqths  of  Corbon 
Dujj-idi'  Calfulatcd  by  Din'd  Sumcricol 
f)iago>i  nlizalmn 

loth  SyMi[i.  iiti  .Mdlceular  .Spectroscopy. 
CokiMilius.  OH  117-21  .luno  lllS.oi 


Roth.\i.\.\,  L.S.  (AFGL);  W.xttso.n,  R.B. 
(Visidyne,  Inc.,  Burlington,  MA);  and 
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VI  INFRARED  TECHNOLOGY 
DIVISION 


The  Infrared  Technolojiy  Division  per¬ 
forms  research  on  the  infrared  emissions 
of  the  earth's  atmosphere  to  determine 
the  spectral  and  spatial  nature  of  this 
radiation,  to  identify  the  physical  and 
chemical  processes  i)roducinjt  the  emis¬ 
sion,  and  to  understand  its  variability  with 
geophysical  conditions.  This  information 
is  required  to  as.se.ss  the  ability  of  pro¬ 
posed  and  conceptual  Air  Force  infrared 
surveillance  systems  to  detect  and  track  a 
target. 

Ambient  atmospheric  infrared  radiance 
varies  markedly  with  altitude  (with  and 
without  solar  illumination),  with  latitude, 
and  with  solar  and  geomagnetic  activity. 
Very  significantly  enhanced  infrared 
emissions  occur  in  polar  regions  during 
periods  of  auroral  activity  at  altitudes  in 
excess  of  approximately  90  km.  They  are 
produced  by  the  distinct  processes  initiat¬ 
ed  by  the  collision  of  energetic  particles 
with  the  atmosphere.  In  addition,  nuclear 
detonations  produce  copious  amounts  of 
infrared  radiation  that  is  intense,  persis¬ 
tent,  and  highly  structured. 

Research  on  atmospheric  infrared 
processes  is  pursued  by  the  Infrared 
Technology  Division  in  laboratory  stud¬ 
ies  and  in  field  measurements  using 
advanced  cryogenic  infrared  sensors  on 
measurement  platforms  on  the  ground 


anti  (in  lialldoiis,  aiiaa-aft.  soundinji'  rock¬ 
ets,  and  tfie  shutlie. 

The  results  from  the  various  experimen¬ 
tal  proirrams  are  intei'preted  and  (|uanti- 
fied  in  lernis  of  sp».'cific  [ihysical  or  chemi¬ 
cal  processes  which  are  included  in  models 
of  infrared  atmospheric  airjrlow  and  auro¬ 
ral  emissions.  The  infrared  airydovv  and 
auroral  models  provide  designers  of  infra¬ 
red  systems  an  ahility  to  assess  projiosed 
desiens  l'o|-  the  detection  and  tracking  of 
ttiryaus  as  projecteil  airainst  a  variety  of 
hackeri  lunds. 

In  addition,  an  NKt’-ldo  aircrtift  is 
eipiipped  with  an  array  of  infrared  spec¬ 
tral  and  iniaj^ine  sensors  to  ohsmu'e  spe¬ 
cific  aircraft  and  otlier  taryi-et  siyruatures. 
The  target  siumalures  are  systeimitictilly 
recorded  in  variety  of  opertitional  condi¬ 
tions  and  ayainst  different  htickjtrounds. 
The  cryotrenic  infrared  instruments  oti  the 
NKf'-ldo  itircraft  have  been  desiirned  and 
develop(‘(l  hy  the  Infrtired  Technolojry  Di¬ 
vision  to  he  insensitive  to  opertition  in  a 
hi^h  vihration  environment  and  are  hased 
on  ad\'ance(l  optical  design  concepts  and 
detector  technolo^ty, 

LABORATORY  STUDIES 

Specific  titmospheric  processes  produc- 
intr  infrared  emission  are  studied  in  a 
series  of  different  lafioratory  facilities 
usinpc  a  variety  of  excitiition  mechanisms. 
The  Lahoratory  studies  offer  the  uni([ue 
opportunity  to  investi^rate  specific  micro¬ 
scopic  chemi-dynarnic  jirocesses  under 
controlled  conditions,  Sfjecific  jiarameters, 
collision  cross  sections,  rate  coefficients, 
detailed  vihrational  populations,  collision- 
al  deactivation  r;ites,  and  radiative  life¬ 
times  are  measured  for  the  stiecific  elec¬ 
tronic  and  vilirational  states  of  a  ttiven 
species.  These  parameters  characteri/a‘ 
the  significance  of  a  (ziven  process  as  a 


source  of  atmospheric  infrared  radiation 
in  tlie  amhieiit  atmosphere  or  in  aurorally 
or  nuclear  disturbed  atmospheres,  liesults 
from  till*  laboratory  pro^i'am  tire  utilix.ed 
to  interpret  airjrlow  and  auroral  field 
measurements,  wliich  validate  and  con¬ 
firm  the  sifrnificance  of  a  triven  process. 
This  approach  has  contributed  sifrnificant- 
ly  to  tile  undersiandiiif^  of  infrared  atmo¬ 
spheric  mechanisms.  The  laboratory  (.‘x- 
jjerimental  techniciues  include  electron 
beam  excitation.  micro\va\e  discharjre  af¬ 
terglow  chemiluminescence,  flowinj^  af- 
terjrlow  studies  with  laser-induced  flno- 
resctmce.  Fourier  transform  mass  spec¬ 
trometry.  and  laser-induced  phisma  radia¬ 
tion. 

LABCEDE:  In  the  LABCEDE  (Labora¬ 
tory  Cryogenic  Electron  Dependent  Emis¬ 
sions)  program,  the  jiroduction  of  infrared 
radiation  by  the  interaction  of  electrons 
with  the  constituents  of  the  atmosphere  is 
investigated.  Two  particularly  important 
sources  of  bright,  structured  infrared 
background  radiation  in  the  upper  atmo¬ 
sphere  are  the  aurora  and  nuclear  explo¬ 
sions.  In  both  cases,  collisions  between 
electrons  and  the  constituent  molecules  of 
the  atmosphere  result  in  the  emission  of 
infrared  radiation.  The  atomic  and  molecu¬ 
lar  species  which  radiate  in  the  infrared 
are  either  excited  directly  by  electron 
impact  or  are  produced  by  chemical  reac¬ 
tions  which  are  initiated  by  electron  scat¬ 
tering.  The  measurement  of  the  relative 
efficiencies  of  excitation  of  those  molecu¬ 
lar  states,  which  are  important  sources  of 
infrared  radiation  in  the  upper  atmo- 
s[)here,  and  the  characterization  of  pro¬ 
cesses  which  control  the  brightness  of 
those  infrared  emissions  are  primary  ob¬ 
jectives  of  the  LABCEDE  program. 

The  cryogenic  LABCEDE  facility  has 
been  developed  to  make  experimental 


meusurenu’nts  uf  infrurt'd  emissions  from 
electron  irradiiited  jiases.  The  internal 
walls  of  the  system  are  operated  at  SO"  K 
to  reduce  the  thermal  infrarc  lia  - 
ground  and  to  increase  the  detection  sensi¬ 
tivity  of  the  system  by  four  orders  of 
mapriitude  at  10  /us.  As  a  result  of  the  low 
thermal  background  and  the  large  volume 
of  the  observation  region,  weak  infrared 
emissions  can  be  detected  from  samples  at 
ptu'ssures  corresiamding  to  altitudes  of  (iO 
to  110  km.  (This  altitude  range  includes 
the  region  where  x-rays  from  high-alti¬ 
tude  nuclear  explosions  are  absorbed.) 
(ias  satnples  can  be  irradiated  by  up  to  20 
mA  currents  of  2-0  keV'  electrons.  The 
rnaxitnum  available  electron  flux  exceeds 
auroral  fluxes  by  several  orders  of  magni¬ 
tude  and  is  comparable  to  the  nuclear 
case.  A  magnetic  field  can  be  applied  to 
control  independently  the  density  of 
higher  energy  primary  electrons  and  the 
low-energy  seconrlary  electrons  produced 
by  ionization.  The  gas  pressure  and  flow¬ 
rate  in  the  LABCEDE  chamber  can  be 
varied  independently  to  investigate  the 
effects  of  electron  impact  on  species  creat¬ 
ed  by  the  electron  beam.  Condensible 
species  such  as  CO^  can  be  made  to  flow¬ 
through  the  L.ABCFIDE  chamber  w'hen 
the  cryoshroud  is  cooled  dowm. 

Another  major  capability  of  the  facility 
is  the  irradiation  of  electron-excited  gases 
by  light  beams  originating  outside  the 
chamber,  including  light  from  a  solar 
ultraviolet  siniulator  (to  simulate  the  day- 
lit  aurora),  and  by  laser  beams,  to  precise¬ 
ly  perturb  or  probe  populations  of  specific 
states  of  irradiated  samples.  Fluorescence 
excited  by  electron  irradiation  can  be  ob¬ 
served  from  the  ultraviolet  to  the  long 
wavelength  infrared,  using  grating  spec¬ 
trometers  in  the  ultraviolet/ visible  wave¬ 
length  region,  a  cryogenic  circular  vari¬ 
able  filter,  which  covers  important  bands 


in  the  2-1')  /u  region,  and  room  tempera¬ 
ture  and  cryogenic  interferometers  to 
make  observations  in  the  2-7  p  and  2-20  p 
regions,  respectively.  In  addition,  a  spa¬ 
tially  .scanning  2914  A  photometer  is  u.sed 
to  monitor  the  spatial  distribution  of  ener¬ 
gy  dei)osited  by  energetic  electrons  in  the 
beam  and  to  normalize  the  intensit'-  of 
fluorescence  observed  to  the  production  of 
ion  pairs  in  the  beam. 


VIBRATIONAL  LEVEL 


fi)iii|)!irisc)ii  of  I.ABCEDK,  .Auroral 
Ol'sorvation,  and  Tlicorotical  (’alculalions  of 
thi-  I'lu'ollisionally  Relative  Ropulalion.s  of 
N_.(a)  Vibrational  I,evels  in  Irradiated  NV.  at 
l^)w  Rre.s.sure, 


A  number  of  investigations  of  the  exci¬ 
tation  and  collisional  and  radiative  de¬ 
excitation  of  important  infrared  radiating 
states  in  the  aurora  and  nuclear-disturbed 
atmosphere  have  been  performed  using 
the  LABCEDE  facility.  Prominent  in  the 
electron-disturbed  atmosphere  are  the  Ly- 
man-Birge-Ffopfield  bands  in  the  ultravio¬ 
let  spectral  region  and  the  2-8  p  McFar- 
lane  bands  which  arise  from  the  arrg  state 
of  N.^.  The  electron-impact  excitation  and 
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quonchinfj  of  the  httjj:  stute  have  been 
measured.  Under  low-pressure  (equivalent 
to  high  altitude),  coiiisionless  conditions, 
the  obser\e(i  distribution  of  population 
over  vibrational  levels  of  the  Nb.la)  state  is 
consistent  with  the  Franck-Condon  factors 
for  electron  impact  excitation  and  radia¬ 
tive  relaxation  (see  the  figure).  At  higher 
pressures  (equivalent  to  lower  altitudes) 
where  collisions  are  important,  the  dynam¬ 
ics  of  the  relaxation  of  the  vibrational 
levels  of  the  NU(a)  state  are  much  more 
complicated.  The  vil)rational  levels  are 
electronically  (juenched  at  a  moderate  rate 
independent  of  the  level  of  vibrational 
excitation.  The  higher  levels,  v  =  4-(i, 
collisionally  relax  by  single  quantum  tran¬ 
sitions  at  a  very  fast  rate.  However,  the 
lower  levels  are  collisionally  coupled  to 
the  nearby  a  state. 

To  interjjret  the  quenching  data  for 
these  vibrational  levels,  the  effects  of  the 
collisional  coupling  of  a  and  a  states  were 
modeled.  Fast,  effective  vibrational  relax¬ 
ation  rates  were  determined  for  these 
lower  levels.  These  results  are  chemically 
interesting  because  electronic  quenching 
rates  usually  are  faster  than  vibrational 
relaxation  rates.  These  excitation  and 
quenching  data  are  important  for  [)redict- 
ing  the  altitude  dependence  of  Lyman- 
Birge-Hopfield  band  emissions  in  the  au¬ 
rora  and  airglow,  which  is  currently  not 
understood  in  detail.  In  addition,  these 
data  are  needed  to  predict  the  brightness 
of  Mcf'arlane  band  emi.ssion  in  the  3-4 
and  7-t)  p  radiance  windows. 

Previously,  the  N.^  pressure-dependence 
of  the  relative  populations  of  the  vibra¬ 
tional  levels  of  the  NU  (B'Trg)  state  were 
measured.  This  investigation  was  under¬ 
taken  because  transitions  from  the  Nh, 
(B''7rg)  state  (to  the  (A'Sp)  state)  are 
responsible  for  the  bright  First-Positive 
bands  observed  in  the  electron-disturbed 


upper  atmosphere.  The  relative  popula¬ 
tions  of  B-state  vibrational  levels  v  =  3-9 
were  found  to  be  invariant  with  pressure 
(altitude).  The  pressure  dependence  of  the 
low  (V  =  0-2)  and  high  (v  =  10-12)  vibra¬ 
tional  levels  of  the  B-state  has  been  char¬ 
acterized.  One  question  left  unanswered 
by  the  earlier  measurements  was  the  ef¬ 
fect  of  collisions  with  O^.  on  the  relative 
populations  of  the  B-state  vibrational  lev¬ 
els.  Recent  measurements  demonstrate 
that,  as  was  the  case  with  N2,  collisions 
with  oxygen  do  not  significantly  change 
the  relative  populations  of  the  mid  (v  =  3- 
9)  vibrational  levels  of  the  B  state. 
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.-ttomic  Oxytren  Medium  Wavelength 
Infrared  Emissions  in  Electron-Irradiated  0^ 
Oh.served  in  LABCEDE  under  Coiiisionless 
Conditions. 

Highly  excited  atomic  oxygen  is  an 
important  infrared  radiator  in  high-alti¬ 
tude  nuclear  fireballs  (see  the  figure).  The 
brightness  of  emissions  from,  and  the 
distribution  of,  the  population  over  highly 
excited  energy  levels  of  the  oxygen  atom 
produced  by  electron  impact  on  0;,  has 
been  measured  under  coiiisionless  condi¬ 
tions  in  cryogenic  LABCEDE.  Relative 
cross  sections  for  the  emission  of  short 
wavelength  infrared  and  medium  wave¬ 
length  infrared  radiance  from  highly  ex¬ 
cited  0  atoms  formed  in  irradiated  0^ 
have  been  measured.  The  distribution  of 


population  over  the  high-lying  states  of  0 
in  irradiated  Oj  has  been  determined. 
These  measurements  provide  important 
inputs  to  the  interpretation  of  nuclear  test 
observations  and  to  code  predictions  of 
nuclear  plasma  plume  infrared  emissions. 
Measurements  currently  underway  in¬ 
clude  the  investigation  of  the  excitation 
and  quenching  of  infrared  emissions  from 
N^,  COj  and  O;; 

COCHISE:  This  helium-cooled  cryogenic 
facility  (Cold  Chemiexcited  Infrared  Simu¬ 
lation  Experiment)  utilizes  state-of-the-art 
detection  technology  being  developed  for 
space  surveillance  systems.  The  helium 
cooling  allows  cryopumping  and  back¬ 
ground  suppression,  which  results  in  ex¬ 
tremely  sensitive  “wall-less”  conditions.  A 
reaction  vessel  and  spectrometer  inside 
the  cryogenic  chamber  are  the  main  active 
components.  Internal  microwave  dis¬ 
charge  sources  create  radical  species 
which  are  cross-mixed  with  reactants  in  a 
reaction  region  observed  with  a  cryogenic 
spectrometer.  This  permits  the  observa¬ 
tion  of  emission  from  excited  species  with 
number  densities  as  low  as  10*'  cm"'’. 

Recently,  data  have  been  collected  on 
the  spectral  extent  of  the  emission  from 
excited  electronic  states  of  the  nitrogen 
molecule  (N.^*),  created  in  the  microwave 
discharge.  The  branching  ratio  of  emis¬ 
sion  from  common  excited  states  has  been 
determined.  The  N^*  spectrum  is  shown  in 
the  figure.  These  emission  lines  fall  within 
the  2  to  4  /i  region,  a  candidate  region  for 
detecting  and  tracking  cold  (300"K)  tar¬ 
gets  in  space. 

A  new  detector,  a  solid  state  photomul¬ 
tiplier,  is  presently  being  tested  in  CO¬ 
CHISE.  This  detector  has  the  potential  of 
increasing  the  signal-to-noise  ratio  of  this 
already  sensitive  facility  by  approximately 
a  factor  of  100.  This  would  contribute 
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significantly  to  the  detection  of  weak 
emissions  in  the  window  regions  and  pro¬ 
vide  a  means  of  measuring  the  relative 
lifetimes  of  oycited  molecular  '-tp,te«. 

FACELIF;  Laser  spectroscopic  tech¬ 
niques  are  applied  to  a  standard  flow-tube 
kinetics  apparatus  (Flowing  Atmospheric 
Chemistry  Experiment  with  Laser-In¬ 
duced  Fluorescence)  to  investigate  de¬ 
tailed  atmospheric  chemical  pathways. 
Multiphoton  ionization  utilizing  a  Nd.YAG 
pumped  dye  laser  and  nonlinear  mixing 
make  this  instrument  an  extremely  sensi¬ 
tive  room-temperature  technique  for  ac¬ 
tive  probing  of  vibrational  distributions  of 
product  molecules.  This  apparatus  has 
been  used  to  investigate  the  distribution 
of  vibrational  states  of  NO  formed  in  the 
reaction  N(^S)  -t-  0.^  NO(v)  +  0.  The 
relative  populations  of  N0(v)  have  been 
determined  and  are  shown  in  the  figure. 

A  second  experiment  involving  a  color 
center  laser  has  determined  an  upper  limit 
of  20:1  on  the  branching  ratio  of  the  CO2 
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Ltiilssliiii  t'rnni  St'v  "■i|  i  ^  Htimls  (if  ('().. 
with  I’rcliminiiry  Spectral  Meilelinj:. 

coniltinalion  hanii  radiation  in  tho  infrared 
at  2.7  n  and  l.d  ^i.  The  4.d  jj  emission  of 
CO,  is  compared  with  ;i  spectral  model  of 
the  emission  in  the  next  figure. 


LINUS:  In  the  LINTS  (Laser  Induced 
Nuclear  Simulation)  program,  laser-in¬ 
duced  breakdown  of  gases  is  used  to 
investigate  the  production  of  infrared, 
visible,  and  ultraviolet  radiation  from  a 
recombining  plasma.  An  important  source 
of  bright-line  emissions  in  the  upper  atmo- 
sj)here  is  a  nuclear  explosion.  The  data 
obtained  during  the  nuclear  weapons  test 
series  cover  a  limited  spectral  range,  and 
virtually  no  information  is  available  on  the 
details  of  the  infrared  emissions.  The 
objective  of  the  LINUS  program  is  the 
investigation  of  the  infrared,  visible,  and 
ultraviolet  wavelength-emission  processes 
in  a  laboratory  laser-produced  plasma  to 
determine  the  spectral  emissions  from 
high-altitude  nuclear  plasma  plumes. 
These  laboratory  measurements  are  re¬ 
quired,  first,  to  validate  the  infrared  pre¬ 
dictions  of  nuclear  plasma-emission  mod¬ 
els,  and,  second,  to  permit  extrapolation  of 
the  nuclear  test  data  to  the  infrared. 

The  production  of  a  recombining  plasma 
is  achieved  in  the  LINUS  facility  by  tight¬ 
ly  focusing  the  output  of  a  high-powered, 
pulsed  Nd;  YAG  laser  into  a  target  gas 
cell.  The  energy  density  in  the  focal  region 
is  sufficient  to  cause  gas  breakdown  and 
generate  a  brightly  emitting  plasma  of 
atomic  constituents  and  electrons.  Power 
intensities  approaching  1  gW  cm "  can  be 
achieved  in  the  focal  volume,  resulting  in 
temperatures  in  excess  of  100,000"K.  The 
light  from  this  plasma  is  gathered,  re¬ 
solved  spectrally  and  temporally,  and  de¬ 
tected. 

The  short  and  medium  wavelength  in¬ 
frared  emissions  from  a  recombining  las¬ 
er-produced  oxygen  plasma  have  been 
measured  using  the  LINUS  apparatus. 
These  measurements  were  made  to  deter¬ 
mine  infrared  line  positions  and  strengths, 
which  are  reejuired  by  nuclear  plasma- 
emission  models.  Kmissions  from  high- 
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lying  atomic  oxygen  states  generated  by 
ion-electron  recombination  were  observed. 
Strong  emission  features  were  identified 
at  1.8,  2.7,  3.3,  and  7.5  jti.  These  results 
indicate  that  highly  excited  neutral  oxy¬ 
gen  atoms  are  potentially  bright  infrared 
emitters  in  high-altitude  nuclear  air- 
bursts.  Bright  emissions  from  highly  ex¬ 
cited  oxygen  atoms  are  predicted  in  the 
long  wavelength  infrared,  and  LINUS 
measurements  will  be  made  to  determine 
line  strengths  and  to  provide  an  experi¬ 
mental  benchmark  for  testing  of  the  nu¬ 
clear  plasma-emission  model. 

Time-resolved  measurements  of  visible 
wavelength  emissions  have  been  made  for 
several  target  gas  pressures  to  correlate 
infrared  and  ultraviolet/ visible  emissions. 
These  results  will  permit  the  extrapolation 
of  the  ultraviolet/ visible  nuclear  test  data 
to  the  infrared  and  the  determination  of  a 
synthetic  infrared  spectrum  predicting  the 
emissions  from  a  nuclear  plasma  plume. 
The  LINUS  spectra  show  bright  emission 
features  from  excited  states  of  singly  and 
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Time  Dependence  of  0*"  Spectroscopic 
Temperatures  Determined  Using  the  LIN'US 
Facility. 


multiply  charged  ions  of  atomic  oxygen  at 
early  times  following  laser  plasma  initia¬ 
tion.  Since  these  ions  are  the  precursors 
for  neutral  atomic  oxygen,  analysis  of  the 
processes  producing  these  excited  states 
is  necessary  for  a  complete  understanding 
of  the  infrared  radiance  of  the  plasma. 
Spectroscopic  temperatures  were  obtained 
for  0"^,  0"^^  and  0*'^  from  fitting  the 


Determination  of  0*"  Spectroscopic  Temperatures  in  the  LINUS  Experiment  for  P  =  55  Torr  and  t  =  20  ns. 
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ohservfd  t.‘niissii)n  iiUi'iisities  id  ilu-  Hollx.- 
nianii  f’drnuiia  as  shown  in  llu'  I’iii'ui’d. 
While  emissions  from  stweral  eleetronie 
stales  for  eaeh  species  wi're  used  in  the 
analysis,  the  sjiectnim  id'  a  o'i\en  oxyn'en 
charge  sltile  w;is  deterndned  to  he  charac- 
terizeii  by  one  spectroscojnc  tempefature 
for  ti  specific  prt‘ssure  ;ind  lime  after 
pl;ism;i  cretition.  As  shown  in  the  figure, 
the  LIXl/S  measurements  indicate  tliat 
the  different  charge  slates  of  oxygen  are 
not  in  I'quilihrium  in  the  plasma  and  that 
the  higher  charge  states  cool  very  tiiuckly 
at  higher  |iressures  whereas  the  lower 
charge  states  (O  and  O')  do  not  cool. 
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Laboratory  measurements  id'  the  infra¬ 
red,  visible,  and  ultraviolet  emissions  from 
a  recombining  laser-produced  oxygen 
jilasma  have  been  made  using  the  LlNl  S 
facility.  'I'hese  measurements  are  neces¬ 


sary  to  characterize  tlu-  line  emissions 
produced  by  a  liigh-altitmie  nucletir  phts- 
ma  plnnu-.  LINTS  provides  input  for  nu- 
cli'ar  |il:isma  model  vtilidation  and  micleiir 
tt'St  data  iiUer[)rel;ition, 

FTMS;  A  L  ourier  transform  mass  spec¬ 
trometer  used  to  conduct  a  variety  of 
i-xperiments  involving  ions  of  atmospheric 
gaseous  species  has  been  applied  to  study 
the  reaction  of  negative  ions  with  some 
atmospheric  molecules  to  determine 
brtinching  ratios  for  formation  id'  the 
lighu-r  neg:iti\e  ions.  The  capability  of  the 
instrument  to  simultaneously  measure  all 
the  ionic  species,  and  provide  the  time 
history  of  each  of  thost'  species,  is  a 
unique  feature  of  the  instrument  (see  the 
figures). 

The  jirincipal  part  of  the  tqiitartdus  is  ;i 
cuiiical  cell  with  six  insulated  sides  jilaced 
in  a  homogeneous  magnetic  field.  Ions  are 
cretded  by  electron  bombarilment  or  elec¬ 
tron  attachment  in  the  ceil  iind  are  allow¬ 
ed  (during  a  delay  time)  to  rtmet  with 
other  molecules  to  produce  new  ionic  s])e- 
cies.  The  desired  ions  are  then  elevated  to 
their  cyclotron  orbit.  An  image  current 
induced  by  these  ions  is  then  metisured, 
digitized,  and  Fourier-transformed  to  ol)- 
tain  the  mass  spectrum.  Measurement  of 
the  intensities  then  allows  the  deduction 
<d'  the  r:ite  consttmts  for  the  reactions. 

During  this  rejiorting  period  a  critical 
study  has  shown  that  if  ;ippropri:ite  pre- 
cjuitions  are  md  taken  erroneous  rate 
constants  can  be  deduced.  The  problem 
arises  from  the  fact  that  good  speclrti 
re<iuire  hirge  tuimbers  (d'  data  points  in 
till’  time  doimiin.  During  the  necessary 
observation  time,  ions  of  different  mtisses 
decay  at  different  rates  iind  consetiuently 
incorrect  relative  ion  intensities  are  ob¬ 
tained.  This  problem  has  been  allevitited  in 
two  different  ways.  The  first  method  in- 


AF(iI,  F’ouritT  Tninsforni  Mass  SpwtronioUT  (FTMS)  ami  I >('i|iraU'il  Si^rnal  ProccssiiiK  System. 


volves  the  application  of  maximum  entro¬ 
py  for  deducinjt  spectra.  This  method 
requires  very  few  data  points  and  the 
spectrum  is  obtained  literally  immediately 
and  before  the  decay  is  consequential.  The 
second  method  employs  the  fretiuencies 
obtained  by  fast  Fottrier  transform  or 
maximum  entropy  in  a  least-.squares  pro- 
jtram  to  fit  a  short  data  segment  from  the 
time-domain  signal. 

The  very  new  application  of  the  maxi¬ 
mum  entropy  method  to  FTMvS  time  sig¬ 
nals  continued  in  this  reporting  period 
witii  tlie  aim  of  obtaining  super  high  mass 


resolutions.  The  judicious  application  of 
the  method  has  produced  some  very  as¬ 
tounding  resolutions;  a  m/^m  of  10  mil¬ 
lion  was  recently  recorded  at  mass  28 
anui. 

The  cai)abilities  of  the  FTMS  apjiaratus 
were  also  recently  expanded  to  j)rovide  a 
metliod  to  perform  experiments  on  ion/ 
molecule  reactions  at  elevated  energies  in 
the  range  up  to  10  eV  to  study  the  effect 
of  kinetic  energy  upon  reaction  rates.  This 
improvement  has  reiiuired  some  hardware 
and  software  modifications  which  are  al¬ 
ready  in  i)lace  and  will  be  used  to  study 
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Prcliniinary  analysis  of  the  data  has 
shown  yo'neral  a^ri'ernent  with  inodei 
Computations  for  the  dominant  lonp*^  wave¬ 
length  infrared  atmospheric  emissions  of 
carhon  dioxiile  at  lo  p,  ami  ozom.'  at  h.d  p 
near  the  hand  peaks  for  these  emissions. 
However,  SPIRIT  is  anticipated  to  provide 
viniipie  insight  into  infrared  atmospheric 
emissions  at  other  wav'deiprths  wlu're  the 
P'resciu  understanding'  has  lieen  limited 
hccaiisc  id  a  lack  of  experimental  <lata. 

.\  second  rockethorne  l•xperiment.  des¬ 
ignated  HIR.XM  tlli^rh  Resolution  .\nroral 


Measuixmient),  is  heinp:  readied  for  a  field 
c;impaij,rn  to  ttike  place  during  the  Fehru- 
ar\'  throupdi  .April,  IhST,  time  frame  fi-oin 
the  Poker  Flat.  .Akiska,  rocket  riinpte. 
HIR.AM  is  desi^^ned  to  obtain  itd’rared 
spectral  measurements  id'  a  hrij,:ht  aurorti 
in  ;i  zenith-\  iewinpf  coid'ipniration  The  pri 
mtiry  instrument  is  ;t  cooled  Micludson 
interferometer  with  a  sjiectral  ranpte  of 
IdOO  to  IdOt)  wavenumbers,  a  spectrtil 
resolution  of  1.1  wa\ ctiumbers.  and  a 
spectrtd  sensitivity  of  :i  ■  lll^  V\’atts 
em'J/sr 'cm- 1 .  .Ancillary  instruments  in- 


I'iudi'  I'our  .Si*  14  A  phdtiiiiu'tt'fs,  an  atomic 
oxyjzcii  (Ic; “ctor,  ami  an  cncrity-deposilion 
scintillation  ik'tcctor  to  monitor  ltn'  flux  of 
cnccKclic  particles.  This  I’xperiment  has 
the  ativanttipm  of  measuring''  in-sitii  auro¬ 
ral  particle  flux  and  atomic  oxyt^en  densi¬ 
ty  to  support  interpretation  of  the  auroral 
emissions  in  terms  of  atmospheric  pro- 


KXCKT'K  III  is  a  rockethorne  texperi- 
ment  which  is  similar  to  SPIRIT  I  and 
HIRAM.  It  measures  emissions  due  to 
electron  imptict  excitation  of  atnu)S|>heric 
spei'ies.  In  this  case,  however,  the  excitii- 
tion  is  due  to  a  Pin  k\V  idectron  beam  (4 
k\',  40  .\)  numerated  on  one  id’  two  exjieri- 
ment  payload  modules.  The  ptiyloads  will 
he  carried  to  an  apogee  of  liO  km  l>y  <ui 
.\RIFIS  rocket.  After  payloail  separation 
(orthoK'inal  to  the  trajectory  plane),  the 
accelerator  moduk'  will  imineiiver  to  [loint 
the  electron  heam  up  the  treonia^nietic 
field  lines  and  tf"  sensor  module  will 
maneuver  to  point  the  primary  fOV'T  at 
the  heant  with  an  tdevation  tintrk*  of  4S", 
On  downier  the  he;un  will  shorten  as  the 
atmos[jheric  density  increases.  The  prima- 
r\'  f’OV’s  will  intersect  the  heam  at  a  point 
ahout  Do  meters  from  the  tfon  module 
when  the  (d(‘ctron  accelerator  liejtins  to 
oiierate.  This  distance  will  increase  alon)r 
the  electron  hi'am  as  the  sensor  module 
continues  to  drift  away  from  the  ynin 
module  with  a  constant  separation  veloci¬ 
ty.  The  electron  heam  will  pulse  with  a  4- 
second-on/ 2-second-off  format,  allowing; 
th*  .s|iectral  .sensors  to  complete  one  or 
more  scans  of  both  electron-induced  and 
ambient  atmospheric  emission.  .As  the 
beam  moves  across  the  field  lines,  it 
lea\es  behind  it  a  highly  excite<l  reyrion 
with  ion  densities  on  the  order  id'  4,  -  10' 
cm  '.  This  region  is  referred  to  as  the 
"afterpi-low”  rciriori;  lonyi'-livi  .1  s[)ecies  v^  ill 
radiate  with  their  charac .eristic  produc¬ 


tion  tinu'  or  radiative  lifetime  as  modified 
by  qiumchinp:  l>y  other  species. 

Tiie  primary  instruments  include  a 
2-22  ^  interferometer  with  a  2  wavenum¬ 
ber  resolution,  a  2..')- 20  ^  circular  variable 
filter  ((’VF)  spectrometer  with  a  2  percent 
resolution,  an  infrared  spatial  radiometer 
at  2.7  and  4.4  p  with  0.2  (k'ltree  spatitil 
resedution.  and  ultraviolet  and  \isihle 
spectrometers  coveriuft  the  rantfe  from 
0.14  to  O.pO  p  with  ahout  0.001  p  resi.lu- 
tion.  Other  rocket-payload  instruments  in¬ 
clude  spatial  scanning’  filter  [thotometers 
with  handjiasses  at  0.4D14,  0.4S04,  O.-ooTT, 
and  0.2701  p.  Two  2. .7-20  p  ('VF  spectrom¬ 
eters  are  pointed  at  S  and  20  dep^rees  into 
the  afterplow  repion.  A  starinp  photoitie- 
ter  with  bandpasses  at  0..7200  and  0..722S  p 
will  he  pointed  IS"  into  the  afterplow.  The 
lihotometers  filtered  at  specific  wave- 
lenpths  observe  transitions  from  excited 
states  with  well-defined  production  and 
loss  processes  to  assist  in  the  interpreta¬ 
tion  and  analysis  of  the  data.  Other  sensor 
module  instruments  include  x-ray  detec¬ 
tors  to  measure  heam  enerpy  at  the  pri¬ 
mary  F’OV.  video  to  assist  pround-hased 
pointinp  control  of  the  sensor  module  as 
an  o|)tional  override  of  the  prepro- 
prammed  orientation,  and  came  as  to  doc¬ 
ument  heam  sha|)e  and  intensify  dislrihu- 
tion. 

In  addition  to  the  sensor  module  instru¬ 
mentation,  a  nuniher  of  photometers  and 
s[)ectrometers  will  he  located  on  the  accel¬ 
erator  module  to  observe  emissions  at  the 
base  of  the  heam  from  within  a  few 
meters  of  the  electron  sourca-.  Other  accel¬ 
erator  module  instruments  include  video, 
cameras,  plasma  firohes,  retardinp  poten¬ 
tial  analyzers,  and  an  electrostatic  analyz¬ 
er  to  provide  various  diapnostics.  Fxten- 
sive  pround-hased  data  will  also  he  collect¬ 
ed  hy  cameras,  video,  and  photometers. 
This  experiment  is  scheduled  for  launch  in 


AFdl,  Flyiiiiz’  I iil'rari'd  Sijrnaturcs 
Tachniiloiry  Aircraft. 


AIRBORNE  MEASUREMENTS 

The  Flying  Infrared  Signatures  Tech¬ 
nology  aircraft  is  equi[)ped  as  a  compre¬ 
hensive  laboratory  for  in-flight  research 
and  measurement  on  the  infrared  phenom¬ 
enology  of  targets  and  backgrounds.  Ra¬ 
diometers,  interferometers,  spectrome¬ 
ters,  and  a  variety  of  spatial  mappers  that 
produce  TV-like  images  of  infrared  emis¬ 
sions  are  used  to  collect  measurements  of 
spectral  intensities  and  thermal  images 
(see  the  figures). 

The  aircraft  range  of  over  5000  miles 
permits  worldwide  deployment,  and  its 
ability  to  fly  at  altitudes  above  40,000  ft 
allows  infrared  scientists  to  study  the 
environment  from  near  sea  level  to  well 
above  the  obscuring  clouds  and  above 
nearly  all  the  atmospheric  water  vapor. 
This  aircraft  is  a  reliable  platform  for  the 
study  of  geographic,  seasonal,  and  diurnal 
variations  of  the  sky,  clouds,  and  earth. 
The  flights  are  frequently  coordinated 


.Xiljiistiiifr  the  Triifker'.'i  Monitor  on  a  Font: 
Wavficntitli  Infrared  .Mapper  .Vtioanl  tlie 
Flyinji  Infrared  SinntiUires  .Aireraft.  (The 
mapper,  in.slalled  in  a  12-ineh  eyelaill  inoiint 
de«i(rned  at  .AFtlL.  has  a  -aX  U'leseo))ie  lens. 
Other  infrared  mappers  and  interferometer 
spectrometers  can  he  seen  to  the  ritrht.l 


Infrared  Image  of  the  Same  Location  in  the 
.Morning  and  .Afternoon  Showing  Brightness 
Changes  Due  to  Solar  Heating. 

with  rocket  launches  and  other  test  air¬ 
craft,  which  work  in  concert  to  study  a 
common  problem  from  differing  aspects. 
In  recent  years  a  large  part  of  the  meas¬ 
urement  capability  has  been  employed  to 
understand  the  in-flight  infrared  charac¬ 
teristics  of  aircraft.  Unique  measure¬ 
ments  of  the  infrared  radiation  of  the 
boost  phase  of  missile  launches  have  been 
obtained  from  this  aircraft.  The  im})orlant 


MihIcUmI  I  !i ( 'nnipniuMUs  tlial 

tu  T><[a\  Imas^r  Hri^lunoss  nf  a 
TarLTt'l  nm!  '['"lal  Ajijian'iu  Hri>rhnu's>  as 
Srt-n  !•>  Histaiil  <  )lis»‘rv»‘r, 

folf  that  the  siirrouiidiiijj  eiiviroiiiTient  of 
huiii.  se;i.  elouds,  tiiid  atmosphere  [thiys  iti 
influeiK'iny  tarjret  infrared  hehavior,  or 
"sitriiiiture,"  is  beiitp:  determined  in  detail 
(see  the  figure).  The  data  olttained  are 
used  to  develop  new  models  that  can 
simulate  infrared  hehavior  :uid  to  validate 
and  test  specific  theoretical  and  laborato¬ 
ry-based  models  (see  the  figure). 

.\.s  infrared  technology  has  made  large 
advtinces  in  recent  years,  the  need  for 
understanding  the  behavior  and  appear¬ 
ance  of  targets  at  high  spatial  resolutions 
and  from  long  measurement  ranges  has 
become  important.  New  complex  infrared 
nncsaic  and  scanning  sensors  introduce  a 
whole  new  class  of  problems  to  be  solved 
so  that  these  instruments  can  be  used 
successfully  in  weapon  seekers,  surveil¬ 
lance  systems,  and  for  intelligence  gather¬ 
ing  by  remote  sensing.  The  Hying  Infra¬ 
red  Signatures  Technology  aircraft  [)ro- 
vides  an  important  platform  from  which  to 
test  ru’W  sensor  concepts  and  to  obtain 
detailed  infrared  images  of  targets  and 
backgrounds  so  that  new  systems  can 
achieve  their  development  goals. 


The  aircraft  lias  a  variety  of  unitiue 
instrumentation.  Five  Michelson  interfer¬ 
ometers  provide  high-resolution  sfiectral 
data.  These  instruments,  when  mounted  in 
a  special  "eyebail"  window,  can  look  out 
the  side  of  the  aircraft  over  a  wide  range 
of  angles.  A  gold-coated  periscope  mirror 
can  also  be  inserted  through  the  eyeball 
into  the  ambient  airstream,  allowing  view¬ 
ing  in  any  direction  simply  by  rotation  of 
the  periscope.  This  combination  of  mounts 
[lermits  a  target  to  be  viewed  anywhere  in 
the  hemisphere  on  the  right  side  of  the 
aircraft. 

Three  different  kinds  of  thermal-imag¬ 
ing  scanners  are  available  to  be  operated 
simultaneously  with  the  spectral-measur¬ 
ing  interferometers.  The  imaging  systems 
produce  TV-like  images  from  infrared  ra¬ 
diation  in  the  2  /i  to  14  g  spectral  region. 
Two  systems  use  an  array  of  HgCdTe  or 
InSb  detectors  to  provide  spatial  data  in  a 
scene  and  to  resolve  temperature  differen¬ 
tials  less  than  O.T'C.  When  mounted  be¬ 
hind  7-in.  aperture  optics,  these  sidelook¬ 
ing  systems  have  a  spatial  resolution  of 
better  than  0.2  mrad.  A  third  system 
using  a  Schottky  barrier  PtSi  mosaic  ar¬ 
ray  with  more  than  ^0,000  detector  ele¬ 
ments  has  been  developed  for  the  aircraft. 
It  will  eventually  be  sensitive  in  the  1.0  to 
5.0  g  region.  These  systems  provide  abso¬ 
lutely  calibrated  radiometric  imagery  in 
the  infrared. 

The  airborne  infrared  measurements 
I)rogram  collects  large  amounts  of  data 
from  a  variety  of  backgrounds  and  tar¬ 
gets.  S[)ectral  and  spatial  data  have  been 
collected  from  desert,  urban,  cultivated, 
forested,  mountain,  snow,  cloud,  and  wa¬ 
ter  backgrounds.  Special  flights  have  been 
used  to  measure  the  scattering  and  trans¬ 
mission  of  clouds  when  viewed  from 
above,  below,  and  through  a  variety  of 
clouds.  Flights  have  been  made  over  se- 
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lected  terrain  throughout  the  day  to  deter¬ 
mine  the  diurnal  variation  of  its  infrared 
characteristics.  A  wide  variety  of  targets 
have  been  measured.  A  forest  fire  from 
which  the  sensitive  interferometers  were 
able  to  detect  large  amounts  of  carbon 
monoxide  was  measured  at  a  range  of 
many  miles.  More  than  thirty  types  of 
aircraft  have  been  measured  over  power 
settings  from  idle  to  maximum  thrust  and 
from  500  ft  to  40,000  ft  flight  altitudes. 
Industrial  sites,  tanks,  and  ships  have  also 
been  measured  from  a  variety  of  flight 
altitudes. 

MODELING 

Theoretical  models  are  being  developed 
of  infrared  emission  from  the  quiescent  as 
well  as  the  aurorally  disturbed  upper  at¬ 
mosphere,  called  the  Atmospheric  Radi¬ 
ance  Code  (ARC)  and  the  Auroral  Atmos¬ 
pheric  Radiance  Code  (AARC).  These  mod¬ 
els  are  being  validated  by  analysis  of  data 
from  the  field  experiments. 

The  completion  of  the  first  version  of 
AARC  has  greatly  facilitated  our  ability 
to  analyze  infrared  auroral  field  data  and 
perform  simulations  that  are  needed  in 
planning  field  activities.  This  user- 
friendly,  menu-driven  code  enables  fast 
efficient  study  of  the  dependence  of  auro¬ 
ral  radiance  upon  many  different  geophys¬ 
ical  properties,  such  as  dosing  strength, 
the  energy  spectrum  of  the  precipitating 
electron  flux,  and  minor-species  concen¬ 
trations. 

Repetitive  runs  with  slightly  different 
conditions  have  given  us  much  insight  into 
the  impact  of  the  observation  geometry  on 
tbe  observed  spectral  radiance.  A  case  in 
point  is  the  observation  of  the  optically 
thick  CO^  4.3-p  radiance.  The  figure  shows 
the  geometry  of  two  equivalent  auroral 
arcs  that  are  symmetrically  placed  about 


CASES  A,B  SYMMETRIC  ABOUT  Zi 

FIGURE  CAPTIONS 

Schematic  Diattram  of  Limb-Viewing 
Geometry  Used  for  Calculation.s  of  Total 
CO^,  v.|  and  NO*  Fundamental-Band 
Radiance  for  Two  Equivalent  Auroral  Arcs 
with  IBC  III  Auroral  Arc  at  Either  Path 
Segment  A  or  Path  Segment  B  Located 
Symmetrically  about  Tangent  Point. 
(Parameter  values  are  z,  =  100  km,  z  =  104 
km,  and  z.j  =  109  km.) 


E-07 


o  I 
S  E-08 


E-09 


COg  EMISSION,  CASE  A 


/  COg  EMISSION,  CASE  B 


NO*  EMISSION 


E+12 


I 

E*n 


0  200  400  600  800  1000  IZOO  1400  1600 

Time  (Seconds) 


Total  CO^,  V;,  and  NO*  Fundamental-Band 
Radiance  for  Cases  A  and  B.  (The  optically 
thin  NO*  radiance  is  the  same  for  both 
cases.  An  IBC  III  aurora  doses  the 
atmosphere  for  900  seconds  and  then  is 
abruptly  turned  off.) 

the  tangent  point  (case  A  and  case  B).  The 
next  figure  shows  the  time  history  of  the 
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Aiii'ili/c'l  Aurnral  S|M'i'tniii.  frnm  Firlil 
UidviH'il  liiti'i't'.T'itiu'tiT  (FU'Ii,  Sh'iuint;' 

('•I  l,:i  /Jill  liaiiii  Kiuissiuii,  ami  K\|ianili'il 
i'nrtiMii  n('  S|it'rn'uiii  altri'  Aji|i|ir.ali'in  uC 
N'lnlincar  I  iia'niivaliuain.  SlaiwiiiK 
KfsnIuUuii  ianliaiu'i'iiiriit.  il'haium 
I'liiiu'iili'ni'i's  Ilf  suiiif  Nil'  hiH's  wiih  ('<!_  1’- 
Hraiu'li  lini'i-  an'  inilii'aU''l.i 

total  ('()_.  4.2-/J  caiiiatK'f  for  the  two  cases, 
after  a  sudden  onset  of  the  aurora.  In  case 
H,  the  patli  to  the  ohserver  is  optically 
thicker,  since  the  dosinjr  rettion  is  farther 
from  the  observer,  and  the  radiance  is 
almost  an  order  of  magnitude  weaker. 
This  is  in  contrast  to  an  observer  measur- 
intr  an  optically  thin  emission  (such  as 
d!)14  \  or  the  4..'i-p  N'Ohv)  emission 
shown  by  the  solid  line  in  the  previous 
fitrurel.  where  the  radiance  observed  is 
the  same  for  both  cases.  Cases  A  and  B 
also  differ  spectrally,  with  up  to  40  jier- 
cent  of  the  radiance  orip:inatinp:  from  iso¬ 
topic  and  hoi  hands  in  the  ojitically  thicker 
case  B  comj/ared  to  about  10  percent  for 
case  A.  This  is  true  in  spite  of  the  fact  that 
the  radiatinit  states  for  thesi'  hands  have 
only  2  percent  of  the  total  popuhition. 

.Mthouyh  it  is  not  always  possible  to 
distiniiuish  the  C()^  4.d-p  radiance  from 
the  NO'lv)  rtidiatice  spectrally,  it  is  impor¬ 
tant  to  model  them  si'ptirately  since  they 
are  ]iroduced  by  distinctly  iliffereiit  mech- 
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tinisms.  Idle  \'OTv)  radiance  is  produced 
by  fast  ion  -  molecule  reactions  initiated 
by  the  precipitatin}>:  flux.  Thus,  this 
prompt  emission  will  mirror  the  structure 
of  the  precipitatintt  flux.  The  CO:,  radiance 
is  proiiuced  by  the  slow  transfer  of  vibra¬ 
tional  enerjry  from  NT  vibration  to  the 
asymmetric  stretch  (vj  mode  of  (’0_.,  a 
process  th;it  delays  the  emission  by  many 
minutes  tibove  100  km  altitude  and  thus 
averages  over  a  lot  of  the  structure  that  is 
present  in  the  precipitatintt  electrons. 

.■\.\RC  has  also  been  used  to  analyze  the 
4.;5-p  CO .  emission  measured  in  the  zenith- 
viewinp;  rocketborne  Pdeld-VVidened  Inter¬ 
ferometer  (FWI)  auroral  exjieriment.  The 
fixture  shows  preliminary  results  for  the 
.\.\RC  model  and  P’VVT  observed  radiance 
for  a  zi'nith  view  from  an  altitude  of  100 
km.  Althoutth  the  match  is  not  perfect  in 


221 


this  case,  the  shape  of  the  band  is  correct, 
and  the  strength  in  the  model  can  be 
adjusted  by  changing  any  number  of  input 
parameters  (not  measured  during  the  ex¬ 
periment)  within  reasonable  ranges. 

A  large  amount  of  modeling  has  also 
been  carried  out  to  date  on  other  radiating 
species,  mostly  with  the  AARC  auroral 
code,  in  an  attempt  to  understand  the  FWI 
data.  The  radiating  species  modeled  in¬ 
clude  the  nitric  oxide  fundamental  and 
overtone  vibration-rotation  bands  near  5.3 
and  2.7  the  4.3-/J  NO*  fundamental,  and 
the  CO  vibrational  fundamental  at  4.8  /j. 
This  modeling  is  continuing  with  special 
emphasis  on  the  interesting  delayed  emis¬ 
sion  from  the  CO^  bands  mentioned  in  the 
previous  paragraph.  In  addition  to  its  use 
in  analyzing  field  data,  the  AARC  model  is 
also  useful  in  the  experiment  definition 
phase  of  a  field  program.  For  example,  a 
reflight  of  the  FWI  under  auroral  condi¬ 
tions,  known  by  the  acronym  HIRAM,  is 
planned  for  February,  1987,  and  the 
AARC  model  has  been  used  to  establish 
the  launch  criteria  for  the  HIRAM  probe. 

In  addition  to  modeling  studies  of  FWI 
data,  much  information  about  the  auroral 
atmosphere  and  about  auroral  infrared 
emissions  has  been  obtained  using  sophis¬ 
ticated  data-analysis  techniques  on  the 
FWI  data  and  an  active  investigation  of 
such  techniques  is  currently  underway. 
These  include  linear  and  nonlinear  least- 
squares  fitting  techniques,  linear  filter¬ 
ing,  maximum-entropy  spectral  analysis, 
and  constrained  nonlinear  deconvolution 
(CND)  techniques.  An  example  of  CND 
results  obtained  with  the  FWI  data  is 
shown  in  the  figure.  The  top  panel  in  the 
figure  is  the  spectrum  of  the  CO^  grband 
emission  (apodized  with  a  triangular  win¬ 
dow  function).  The  bottom  panel  is  an 
expanded  portion  of  the  deconvolved  spec¬ 
trum,  showing  resolution  enhancement  by 


a  factor  of  four.  The  alternation  in  the 
intensity  of  the  deconvolved  CO:,  lines  is 
thought  to  be  evidence  for  the  existence  of 
NO*  lines  in  this  region;  the  known  posi¬ 
tions  of  three  of  the  NO*  lines  are  shown 
in  the  top  part  of  the  panel.  Overall, 
however,  the  evidence  for  NO*  in  the  FWI 
data  is  inconclusive.  A  more  definitive 
investigation  of  auroral  NO*  should  be 
available  from  the  HIRAM  data  to  be 
obtained  in  1987,  coupled  with  further 
calculations  using  the  AARC  model  and 
further  exercise  of  powerful  data-analytic 
tools. 
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J.  Quantitative  Spectroscopy  and  Radiative 
Transfer  .30  (1986) 

Franker,  D.S.,  Gersh,  M.E.  (Aerodyne 
Research,  Inc.,  Billerica,  MA); 
McIntyre,  A.,  Huffman,  R.E.,  and 
Paulsen.  D.  (AFGL) 

Aries  Rocket  Motor  Infrared  and  Ultra-l'iolet 
Spen  t-Stage  Em  ission 

J.  Spacecraft  and  Rockets  22  (September-October 
198.5) 

Haalano,  P.  (Air  Force  Wright 
Aeronautical  Laboratories,  Dayton, 

OH);  and  Rahbee,  A.  (AFGL) 

The  Molecular  Silane  Cation 
Chom.  Phys.  I.,ett.  114  (15  March  1985) 


Kkmi’,  J.,  Wki.i.akh,  S.,  (AMini:,  I). 
(Utah  St.  Univ.,  Loftaii,  UT):  and 
Hri’i’i,  R.  (AFGL) 

( ’n/o(yu/>  ic  MivhrUon  In  fcrlrmnii-tfr 

Spt  rt  rt)tn(f(r  for  S/hiuu  Shuttle  Apprti'<i(it)n 

I'rou.  Sl’IK  lii'th  An.  Tt-rh  Synip-  nT-22  August 


Li  kik,  J.,  and  H.mimi,  J.C. 

McJiiitn-Wurf  IrtHjth  Infromi  tl  nt  i^>iion  fr(jtn  ti 
Ldser-Prodnceii  f  txifjim  I^losnid:  Ohse  feat  ions  of 
()I  fih  ‘  H  Iff  '.■>  uffi 
Chunu  Phys  I.t'U  \'2'i  ill  April  IHSH) 

Li  kik,  J.H.  lAnrodyne  Research,  Inc., 
Billerica,  M.V):  Mli.i.KK,  S.M., 

Bki  mukki;,  W.A.M.  (AFGL);  and 
.-XltM.s'nn iN'd,  R.A.  (Mission  Research 
Corp.,  Nashua,  NH) 

Shiii  f  \\'(t  rc/ength  Infrdrc/I  I.inr  h'ffnssion  in  a 

Lifser-Prmlneifl  Oxygen  f^lnsfna 

Chenu  Phys  (1^  Outoher  1!^>'.’)) 

Pll’KR,  L,G,,  Gkkkn,  B.D.  (Physical 
Sciences,  Inc,,  Andover,  MA); 

Bki  mukkc.,  W.A,M.,  and  W()I„nik,  S.J. 
(AFGLi 

■!ni'l  Ha  ml  Qm‘»i-hi»(j 
■\.  Cfii'in,  Phys.  S2  (I  .April  lltS.V) 

Eh  ct  fan-ha  jHU't  Kj'f  itatian  of  thi'  \‘  Mcirit'l 
l!n  ml 

■I.  AUiiti'ir  .\li)l>'cular  Phy.-^.  19  I.N'nvi'mlier 

lUs.'ii 


R.xhhkk,  .a. 

ApffI fi'dlion  of  Mdxirninn  Entropy  Spi’rtrdI 
Andlysfs  to  Fonrirr  I'rnnsforjn  Mdss 
Spert  rofnet  ry 

rhrrn,  Phy.s.  Lett.  117  (L!1  Junr 

llfgh  Resol  II  f  ion  Moss  Spert  roniet  ry  ('sing 

MdXi  in  n  rn  Fn  f  >'opy  Method 

Irn*Tnat.  .1,  Mass  S}H-ctronu-lry  and  Ion 

I’rocf'.s.'^fs  Tli  (!!)>'(?) 

Moxi  tn  It  in  Fn  f  ropy  Method  in  Fon  rier 

T ro  nsPinn  .V/nss  S fleet  niinef  ry 

Pnu-.  An  Ponf.  <»ri  Mass  Spoctroniulry  and  Allied 

Topic-  i.Iunc  P.tH*!) 

('filriil(it}<,n  of  the  Ion  Intensities  hy  the  l^eost 
Sffiidrrs  Fit  of  the  Time  Sigvdl  from  FTMS 
Fourier  Transform  (on  <'y<-lotron  Resonance 
Newsletter  I N’overrd)er  lUSfl) 


R.wvkins,  W.T.,  Gki,h,  A.  (Physical 
Sciences,  Inc.,  Andover,  MA);  and 
AitM.sTRONc,  R.A.  (AFGL) 

hifrarcd  Spectra  (>-l(i  pm)  of  Arl  Ri/dbcrfj 
Emission  from  a  Dischaiyc  Plasma 
,1.  Chcin.  (’hys.  S2  (1-V  .January  IDS')) 


R.wvkins,  W.T.,  C.vkkdoni.v,  G.E. 
(F’hysical  Sciences,  Inc.,  Andover,  MA); 
GiKsoN,  J.J.,  and  St.air,  A.T.,  Jk. 
(AFGL) 

HIRIS  Rockctbortic  Spectra  of  Infra  red 
Eliioresrence  in  the  Ofr)  Hand  S'ear  100  km 
.1.  Genpliys.  Res.  90  (1  .March  lOSo) 

Sh.arm.a,  R.D.  (AFGL);  and 
WiNTKRSTKiNKR,  P.P.  (Arcon  Corp., 
Waltham,  MA) 

CO.  Component  of  Dai/time  Earth  Limb 

Emi.ssion  at  Mierometer.s 

.].  Geophys.  Re.s.  90  (1  October  19S.V) 

Emission  from  CO.  Around  J.'  Micrometers 

from  Daylit  Atmospheres 

Proc.  Mtg.  of  IRIS  Specialty  Group  on  Tartrets, 

Racktrrounds  and  Discrimination  G2-14  February 

19sr,) 


St, MR,  A.T.,  Jr.,  Sh.arma,  R.D., 
X.ADiKK,  R.M.  (AFGL);  Bakkr,  D.J. 
(Utah  St.  Univ.,  Logan,  UT);  and 
Grikdkr,  W.F.  (Boston  Coll.,  Newton, 
MA) 

Observations  of  Limb  Radiance  with  Cryogenic 
Spectral  Infrared  Rocket  Erperiment 
•J.  Geopbys.  Res,  90  (1  October  198.o) 


Stkar.n.s,  J.R.,  Zahniser,  M.S.,  Kolb, 
C.E.  (Aerodyne  Research,  Inc.,  Billerica, 
MA)  and  Sandford,  B.P.  (AFGL) 

Airborne  Infrared  Observations  and  Analyses 

of  a  Large  F'orest  Eire 

.1,  .Appl.  ()pt.  25  (1  .AuKust  19H6) 


WiNK  K,  J.R.,  Picard,  R.H.,  Shar.ma, 
R.D.,  and  Nadii.e,  R.M. 

Oxygen  Singlet  Delta  L-itl-Micrometer  (O-I) 
lamb  Radiance  in  the  I'pper  Stratosphere  and 
Lower  Mesosphere 

.1,  Geophys,  Res.  90  (1  October  1985) 
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Zac'Hok,  A.S.  (Atmospheric  Radiation 
Consultants,  Inc.,  Acton,  MA);  and 
Sh.arm.a,  R.D.  (AFGL) 

Rctnvinl  of  Xoii-LTE  Vertical  Structure  from 
a  Spectrally  Resolved  IR  Limb  Radiance 
Profile 

.].  (A-opliys.  Res.  90  (1  January  19S.")) 


Z.M'HOR,  A.S.  (Atmospheric  Radiation 
Consultants,  Inc.,  Acton,  MA);  Sharma, 
R.D.,  Nadii.k,  R.M.,  and  Stair,  A.T., 
Jr.  (AFGL) 

Inversion  of  a  Spectrally  Resolved  Limb 
Radiance  Profile  for  the  A'O  Fundamental 
Band 

.1.  (ienphys.  Re.s.  90  (1  October  19Sol 


PRESENTATIONS  AT  MEETINGS 
JANUARY,  1985  •  DECEMBER,  1986 


Ah.maI)JIAn-,  M.,  Capt.,  Wish,  J.O. 
(AFGL);  and  Miranda,  H.A.  (Epsilon 
Lab.,  Inc.,  Burlington,  MA) 

Particle  Analysis  Cameras  for  Shuttle  (PACS) 
Space  Shuttle  Experiment  and  Environment 
Wkshp..  Henniker,  NH  (6-10  August  1985) 

Blumbero,  W.A.M.  (AFGL);  and 
Green,  B.D.  (Physical  Sciences,  Inc., 
Andover,  MA) 

Excitation  of  IR  Emissions  from  Triplet  and 
Quintet  States  of  Atomic  Oxygen 
AGU  Mtg.,  San  Francisco.  CA  (8-12  December 
1986) 

BeUMBERG,  W.A.M.,  WOLNIK,  S.T. 
(AFGL);  and  Green,  B.D.  (Physical 
Sciences,  Inc.,  Andover,  MA) 

Production  of  Highly-Excited  Triplet  and 
Quintet  States  of  Atomic  Oxygen 
AGU  Mtg,,  San  Francisco.  CA  (9-13  December 
198.51 

Blu'MBERG,  W.A.M.,  Ip,  P.C.F.  (AFGL); 
Green,  B.D.,  Marinelli,  W.J.,  and 


Caledonia,  G.E.  (Physical  Sciences, 

Inc.,  Andover,  MA) 

Electron  Beam  Growth  in  Thin  S',  Targets 
APS  Sixteenth  An,  Mtg.  of  the  Div.  of  Electron 
and  Atomic  Phvsics,  Norman,  OK  (29-31  May 

1985) 

DeFaccio,  M.A.,  Rawlins,  W.T., 
Fraser,  M.E.  (Physical  Sciences,  Inc,, 
Andover,  MA);  and  Miller,  S.M. 
(AFGL) 

Vibrational  and  Rotational  Excitation  of  CO 
by  Energy  Transfer  from  Metastable  S'itrogen 
AGU  Mtg,,  San  F'rancisco,  CA  (8-12  December 

1986) 

Fraser,  M.E.,  Rawlins,  W.T,, 
Murphy,  H.C.,  DeFaccio,  M.A. 
(Physical  Sciences,  Inc.,  Andover,  MA); 
and  Miller,  S.M.  (AFGL) 

Infrared  Spectroscopy  of  the  W  J  -»  B'n  and 

W'A  ->■  a'n  Systems  of  Nitrogen 

AGU  Mtg.,  San  Francisco,  CA  (8-12  December 

1986) 


Green,  B.D.,  Marinelli,  W.J. 

(Physical  Sciences,  Inc.,  Andover,  MA); 
and  Blumberg,  W.A.M.  (AFGL) 

Laboratory  Observations  of  Nj  Electronic 
Emissions  Between  ISO  NM  -  5  Microns 
AGU  Mtg.,  Baltimore,  MD  (27-31  May  1985) 
Relative  Excitation  Efficiencies  of  Nj  Electronic 
States 

38th  .An.  Gaseous  Electronic  Conf.,  Monterey,  CA 
(15-18  October  1985) 

Excitation  and  Quenching  of  the  Lowest 
Vibrational  Levels  of  Nj  (B)  and  A”  (A)  Stales 
AGU  Mtg.,  San  Francisco,  CA  (9-13  December 
1985) 

Green,  B.D,,  Marinelli,  W.J,,  Piper, 

L. G.  (Physical  Sciences,  Inc.,  Andover, 
MA);  and  Blumberg,  W.A.M.  (AFGL) 

Excitation  and  Quenching  of  N_,  in 

Electron-Irradiated  Nitrogen 
Conf.  on  the  Dynamics  of  Molecular  Collisions, 
Snowbird,  UT  (14-19  July  1985) 

Green,  B.D.,  Fraser,  M.E.,  DeFaccio, 

M. A.  (Physical  Sciences,  Inc.,  Andover, 


MA);  Lkk.  E.T.P..  and  O'Xkii.,  R.R. 
(AFGL) 

Amilffsis  «/  the  KXCEDh^  Spi'iiicil  J-S  Micron 

DiiUi 

A(ir  Mt>r-.  FnuK'isfu,  CA  is-lii  IK'ivnitiiT 
UtMl) 


Howakh,  S.J. 

Fast  Alfjoi'ith  ni  for  Disrrrfr  Fourier  Sjteetruni 
Fj'tro  pohitiofi 

0[(tic<'il  SiPt'-  of'  Atn.  Ati.  Soattlo.  U’A  (ll>-24 

0«.‘tol»or 


Ip,  P.C.F.,  Bi.i  mhkk*;,  W.A.M.  (AFGL); 
Gkkkn.  B.D.,  Marinki.i.i,  W.J.,  and 
Cai.kdonia,  G.E.  (Physical  Sciences, 
Inc..  Andover,  MA) 

Measu  reinenfs  fnid  (  alrnl(ifinns  of  Flecfron 
Fe(UN  (iroi/ih  iff 

2Sth  All.  (rusoous  Kk'Glroni(.‘s  (’onf..  Montoruv, 
CA  Co  OoIoIht  C.lNo) 


Jo.sKPH,  R.A.  (Arcon  Corp.,  Waltham, 
MA):  PicAUi),  R.H.,  Winick,  J.R. 
(.\FGL);  and  Wintkk.stkinkr,  P.  (Arcon 
Corp.,  Waltham,  .MA) 

Anah/sis  of  ('(),  u-i  Infrared  Kininnion  from  the 
Auroralli)  Doned  Lnircr  ThcrmoKphcrc 
.■V('i(.'  Mtir.  San  Fninc'scn.  ('.-V  (S-12  [li'cember 
I'ISH) 


Kkmp,  J.,  Wki.i.aki),  S.,  Gooiik,  D. 
(Utah  St.  Univ.,  Logan,  UT);  and 
Hct'i'i,  R.  (AFGL) 

( 'ryo()i'n  ir  Mich  cl  non  In  tcrfcroiiirlcr 
Spec! ronicfcr  for  Spni-c  Shuttle  Application 
SF’IK  aoih  ,\n.  Tci'h.  Syniji.,  San  DieKo.  CA  (17- 
22  .Aujiust  las(i) 


.Mari.vki.m,  W.,J.,  Grfhn,  B.D. 
(Physical  Sciences,  Inc.,  Andover,  MA); 
and  Bi.r.MRKKC,  W.A.M.  (AFGL) 

Quenchiny  of  S.ln  rry)  by  .V, 

.ACr  .MtK-.  San  Francisco,  ('.A  Ocia-mlKT 

IKX.')) 

Quench  i  ny  of  the  .A  Sinyh’t  I’i  State  of  .V,  by 

S. 

■APS  Seventeenth  .An,  Mtf;.  of  the  Div,  of 
Flectron  an't  .Atomic  Phys.,  Kuttene.  OK  (ls.2li 
.June  PiSCi 


PU'AHI),  R.H.,  WlNlCK,  J.R.,  Shakma, 
R.I).  (AFGL):  and  Josfph,  R.A.  (Arcon 
Corp.,  Waltham,  MA) 

Modeling  \0  and  .VO'  Infrared  Auroral 
Ilminsions 

I.ACl.A  Symp.  on  Airtjlow  and  Auroral  Excitation 
and  Moitels,  J^raftue,  Czechoslovakia  (b-lT  .August 
lIlSol 


Pk'ahi),  R.H..  Wi.vicK,  J.R.,  Shar.ma, 
R.D.  (.4FGL);  Z.achor,  A.S. 

(.4tmospheric  Radiation  Consultants, 
.4cton,  MA):  Espy,  P.J.,  and  Harris, 
C.R.  (Utah  St.  Ur.iv.,  Logan,  UT) 

Interpretation  of  Obnerrations  of  Entismon  and 
Absorption  of  Radiation  in  the  Meso-  sphere 
and  Lower  Thermosphere 

.XXVI  COSP.AR  .Mt^..  Toulouse,  France  (2!»  June- 
i;i  July  limti) 

R.atkowski,  A.J. 

The  MARSTAR  Program:  Seietilific  (loals  and 
Orerrieie 

.A(;U  MtK..  Baltimore,  .Mf)  (27-.J1  May  19S.5I 
The  MAPSTAR  Program  June  'Hi  Campaign 
(llobai  Thermospheric  Mapping  .Study  Wkshp., 
Cambridge.  MA  (10-12  July  19Hr>) 

The  MAPSTAR  Program:  Scientific  Orerrieie 
and  Preliminary  Results 

l.AF  Mtg..  Stockholm.  Sweden  (7-12  October  1985) 


Rawlins,  W.T.,  Fraser,  M.E., 
DkFaccio,  M.A.,  Cowles,  L.M., 

Ml  RPHY,  H.C.  (Physical  Sciences,  Inc., 
Andover,  MA);  and  Miller,  S.M. 
(AFGL) 

Rovibralional  Excitation  of  S’itric  Oxide  in  the 
Reaelion  of  Actire  Nitrogen  with  Oxygen 
■AOC  .Mtg.,  San  Francisco.  CA  (8-12  December 
198(1) 


Shar.ma,  R.D.  (AFGL);  and 
WiNTERSTEiNER,  P.P.  (Arcon  Corp., 
Waltham,  MA) 

J.7  fjm  Emission  from  Water  Vapors  in  the 
Daylight  Atmosphere  of  the  Earth 
.AOC  Mtg,.  San  Francisco,  C.A  (9-1 J  December 
19S5) 


TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 


Sharma,  R.D.  (AFGL);  Hari.ow,  H., 
and  RlKHi,,  J.P.  (Univ.  of  Missouri,  St. 
Louis,  MO) 

Dvfi-rt)unatio>i  of  Atom ir  Oxijf/cii  rhoixity  and 
Temperature  of  the  Thermoaphere  by  Remote 
Seiutitty 

AGL’  Mlfj.,  San  F'rancisco,  CA  (S-12  Dfcembor 

Smith,  D.R.,  and  R.atkowski,  A. 

Co>itami>iatiou  of  Rorket-Bonie  Ik 
Measu  remeutx 

Ritli  An.  Mtj;.  nn  I'pper  .Atmospheric  Studies  by 
Optical  Metliods.  Lysebu.  Oslo.  Norway 
.August  IDS')) 

Stair,  A.T.,  Jr.,  and  Sharma,  R.D. 

Son-LTE  IR  EmisKioux  of  the  I'pper 
Atmoxphere 

I.AGA  Synip.  on  Radiation  in  the  Middle 
Atmosphere,  Prajtue,  Czechoslovakia  (.>17  .August 

i9sr>) 


Upschcltk,  B.,  Green,  B.D., 
Marinelli,  W.J.  (Physical  Sciences, 
Inc.,  Andover,  MA);  and  Blu.mberg, 
W.A.M.  (AFGL) 

Nitrogen  Infrared  Electronic  Emixxions 

Representatire  of  the  Aurora 

AGP  Mt^f.,  San  Francisco,  CA  (8-12  December 

1986) 


WiNicK,  J.R.,  Picard,  R.H.,  Sharma, 
R.D.  (AFGL);  and  Joseph,  R.A.  (Arcon 
Corp.,  Waltham,  MA) 

Auroral  NO  Infrared  Radiance  and  the 

Production  Efficiency  of  NO 

•AGU  Mlg..  San  Franci.sco.  CA  (8-12  December 

1986) 

WiNicK,  J.R.,  Picard,  R.H.,  Sharma, 
R.D.  (AFGL):  Joseph.  R.A.,  and 
W1NTER.STE1NER,  P.P.  (Arcon  Corp., 
Waltham,  MA) 

Modeling  of  Auroral  Infrared  Emission  at  i-.l 
pm 

AGU  Mtg..  San  k’rancisco,  CA  (9-l.'i  December 
198.7) 

Radiative  Transfer  Effects  on  Aurorally 
Enhanced  It.J  Micron  Limb  Radiance 
XXVT  CO.SPAR  Plenary  Ml)?..  Toulouse,  France 
(•'{()  ,Iune-12  .July  1986) 


Degges,  T.C.  (V'isidyne,  Inc., 

Burlington,  MA);  and  D’Agati,  A.P. 
(AFGL) 

.4  I'ser's  Guide  to  the  AEGL/  \'isidyne  High 
Altitude  Infrared  Radianee  Model  Computer 
Progra  m 

.APX5L-TR-8,7-()()ir)  (Octol)er  1981).  ADA  161  122 

Esplin,  M.P.  (Stewart  Radiance  Lab., 
Bedford,  MA);  S.ak.ai,  H.  (Univ.  of 
Massachusetts,  Amherst,  MA); 

Rothman,  L.S.,  Vanasse,  G.A.  (AFGL); 
Barowy,  S.M.,  and  Hcppi,  R.J. 

(Stewart  Radiance  Lab.,  Bedford,  MA) 

Carbon  Dioxide  Line  Positions  in  the  J.S  and 
i.J  Mieron  Regions  at  800  Kelvin 
AFGDTR-86-()(i46  (19  February  1986),  AD.AITSSOS 


Miller,  S.M.,  Lurie,  J.B.,  Arm.strong, 
R.A.  (AFGL);  Winkler,  I. 
(Massachusetts  Inst,  of  Tech., 
Cambridge,  MA);  Steineeld,  J.L, 
Rawlins,  W.T.,  Gelh,  A.,  Piper,  L., 
Caledonia,  G.E.,  Nebolsine,  P., 

Weyl,  G.,  and  Green,  B.D.  (Physical 
Sciences,  Inc.,  Andover,  MA) 
Spectroscopic,  Kinetic,  and  Dynamic 
Experiments  on  Atmospheric  Species 
AFGL-TR-8,>0077  (21  March  198.7).  ADA162691 

WiNTERSTEiNER,  P.P.  (Arcon  Corp., 
Waltham,  MA);  and  Sharma,  R.D. 
(AFGL) 

Update  of  an  Efficient  Computer  Code  (NLTE) 
to  Calculate  Emission  and  Transmission  of 
Radiation  Through  Non-Equilibrium 
Atmospheres 

AFGI>-TR-8.7-024()  (20  Sei)tember  198.7), 
ADA172.7.76 


Lurie,  J.B.  (AFGL);  and  Baird,  J.C. 
(Brown  Univ.,  Providence,  RI) 

Medium-  and  Long-Wavelength  Infrared 
Emission  from  a  Lascr-Produeed  Oxygen 
Plasma 

AFGL-TR-8.7-();141  (81  December  198.7), 

A  DA  16947.7 


A.S.  (I'tah  St.  I'niv.,  Lojjan, 

I  T);  SnAKM.v,  R.D.,  WiNU  K,  J.R.,  and 
PiCAKii,  R.H.  (.\FGL) 

.  I  •'/  yii  hi  ~  iii  r  Ht'l  /•<  )*o  >»»<'/«' »■  Ih’tfi 

hji  l.rastSijudns  mnl  Spirt  nil  Dvron  rohi  t  ion 

Mf  thuds 

May  I'JS.'.I.  Al)Al(l.')Li.'):i 


CONTRACTOR  PUBLICATIONS 
JANUARY,  1985  -  DECEMBER.  1986 

Kkmi',  .1..  Hi  kt,  I).,  Ai.i..\i;ii,  G.,  and 
Baktschi,  H,  (Utah  St.  I’niv.,  Los^an, 
I’T) 

A  lijil  III  "<i  nil  I  nil  i-ff  iitiiiiln  r  Sinrl  niiiii'li'r 
Ahiiitn/  ihr  S/iiin'  Sliiitllr  iiilh  n  Pai/linid 
SinrinhKl  in  Ihr  (.'nntinl  l.niiii 

I'riir.  .''('IK  Hiith  An.  (17-J2  .Aiijru.'it 


CONTRACTOR  PRESENTATIONS 
JANUARY,  1985  -  DECEMBER,  1986 

Kkmi’,  J.,  Bi  kt,  [).,  .'Vi.i.ARii,  G..  and 
B.MtTScm.  FT  (Utah  St.  I'niv.,  Loj^an, 
UT) 

.Xjijililiiill  nil  /n  li'i'/rronii'lrr  S/irrlroinch'r 
Alionnf  Ihr  Sinirr  Shiiltir  irilh  ii  Pniilond 
Slnrial i.itl  in  Ihr  Cnnlrol  I,i}i)j) 

:iot(i  .All,  Tci-I..  Synip.,  Sun  [Hcjid,  (’.A 
i17  '.KJ  .Aupm.'t  I'.tM'ii 


CONTRACTOR  TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 

Ai)KKi{-G()i,i>KN,  S.  (Spectral  Sciences, 
Inc.,  Burlington,  MA) 

[Predicted  .VO..  IR  ('hcnnlutfiifusccncv  in  (he 
\<ttu  rnl  At  m  os  f  die  re 

AF('.I.TR-S(:-(K)<»0  (i:i  May  \\m\.  Al)AlTHS12 
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VII  EARTH  SCIENCES 
DIVISION 


The  Earth  Sciences  Division  performs 
research  in  seismology,  geodynamics,  ge¬ 
ology,  geodesy,  and  gravity.  This  research 
supports  the  deployment,  operations,  and 
delivery  of  Air  Force  weapons  with  partic¬ 
ular  emphasis  on  strategic  systems.  It 
also  supports  the  Air  Force’s  mission  to 
verify  compliance  with  nuclear  test  ban 
treaties.  Instrumentation  is  designed  and 
produced  to  measure  geophysical  phenom¬ 
ena  worldwide  at  varying  scales  and  accu¬ 
racy  levels  to  meet  specific  needs.  Field 
work  is  conducted  whenever  and  wherev¬ 
er  necessary.  Instrumentation  is  mounted 
on  a  variety  of  test  beds  designed  to 
operate  on  land,  in  the  air,  or  in  space,  and 
data  are  collected  where  the  organiza¬ 
tion’s  experience  and  theory  suggest  the 
need.  Theoretical  models  of  geophysical 
phenomena  are  developed  and  cast  into  a 
quantitative  form  for  comparisons  with 
observations.  Tested  mathematical  models 
of  geophysical  phenomena  are  produced  in 
formats  that  are  useful  in  various  applica¬ 
tions. 

During  the  reporting  period,  work  has 
been  conducted  on  satellite  interferometry 
with  Global  Positioning  System  (GPS)  sat¬ 
ellites,  very  long  baseline  interferometry, 
absolute  gravimetry,  high-altitude  gra¬ 
vimetry,  gravity  gradiometry,  geopoten¬ 
tial  modeling,  satellite  altimetry,  and  cryo- 


liRTtial  insinmii'iUaticn.  Tlio  slruc- 
turi'  ami  st'ismic  piMiia^atiDii  pnipRftii's  of 
the  earth's  crust  iia\'c  liccn  invcstiLTateil 
fur  areas  uf  Air  Force  interest  around  the 
elol'e.  F.'ffort  has  also  iieen  ;ipplie(i  in 
vihro-acoustic  forec-asts  for  tin'  Air  Force 
S[)ace  Transportation  System  (space  slitil- 
tle)  facilitii’s,  low-frequency  irtuisinission 
effects  from  jet  engine  suppressors  (Hush 
Houses),  and  the  sonic  deti’ction  of  low- 
frequency  aircraft. 

GEODESY  AND  GRAVITY 

(ieodi'.'-y  is  concerned  with  the  size.', 
shapie.  and  nias>  distrihution  of  the  earth, 
and  its  orientation  in  inertitti  sptice.  (ieo- 
detic  information  is  a  necessary  foumhi- 
tion  for  the  ticcurate  di'terinintiuon  of 
positions,  distttnees.  and  directions  for 
launcfi  sites,  trtickin.u'  sensors.  ;iiid  tttr- 
trets.  Tile  treodetic  and  j.M'avinu'lric  partim- 
eters  for  the  earth  ami  j^osidetic  inforniti- 
tion  for  positioinntr  not  only  form  the 
structural  framew  irk  for  mappin^^  clnirt- 
ine.  ;ind  na\'i^mtioual  aids,  hut  are  also 
direct  inputs  for  missile  inertial  p'^tudance 
systems.  Current  treodetic  information  is 
inadeipKite  to  meet  the  rmiuirements  of 
futurt.'  .Air  Fori'e  weapon  s\stems. 

Tlu.'  (leodesy  and  (iravitv  Hranch  con- 
dticts  continuing  research  iuid  develop¬ 
ment  proprrams  in  yeomi'tric  tieodesy  and 
in  physical  pieodesy  (^^ravity).  These  pro- 
yo'ams  are  directed  toward  improving  the 
fundamental  knowledyo'  of  the  etirth's 
size,  shape,  anil  ^t:r;ivity  field  and  the 
techniques  used  for  determinintr  iiosition. 
distance,  and  direction  on  the  etirth's  sur¬ 
face  in  terrestrial  and  inertitd  three-di¬ 
mensional  I . rdinate  systems. 

In  programs  sucii  as  ^rr;i\'ity  Kfadiome- 
trv  and  (ll’S  interferometry.  .AFCF  coop¬ 
erates  with  tile  Hefense  .Maiipintr  .Apomey, 
the  N'a\\.  the  National  .Aeromiutics  and 


Sjiaci-  Administnilion.  :ind  tlu‘  National 
Ocetinic  and  .Atmospheric  .Administration, 
as  well  ;is  many  other  government  tipim- 
cies  ;ind  universities. 

GPS  Geodesy:  .AFCL  is  contimiinp  de¬ 
velopment  of  pi-eoiietic  techniques  for  posi¬ 
tion  and  distance  di-termination  based  on 
nidio  interferometric  phase  ohservtitions 
of  the  L-hand  ctirrier  sijinals  triinsmitted 
hy  the  earth-orhitiiifi  NAVSTAR  satellites 
of  the  (Ilohal  Rositioninp;  System  ((iPS). 
(iPS  interferometry  is  ;i  three-dimensional 
method  1)V  which  the  relative  [losition 
vector  (baseline  vector)  extemlinp  be¬ 
tween  two  receivers  is  determined  by 
amdyz.injr  datti  derived  from  simultiineous 
observtUions  at  the  two  ends  of  the  base¬ 
line.  To  exploit  this  techni(]ue,  .AF(jL  de¬ 
veloped  a  portable,  dual  band  (LI.  L2) 
receiver  for  surveyinjr  over  variable  base¬ 
lines  iisinfr  NAVSTAR  ctirrier  sijjnals.  No 
knowledge  of  the  coded  GP’S  message  is 
required,  nor  is  mutual  visibility  between 
the  ends  of  the  baseline  m^’essary.  The 
goal  of  this  resetirch  is  to  demonstrate 
that  the  comixments  of  a  baseline  \  ector 
between  points  on  the  earth  can  he  deter¬ 
mined  to  an  accuracy  better  than  first 
order  geodetic  survey  ticcuracy  (1  part  in 
oOO, ()()())  determined  by  conventiomil  in¬ 
struments.  A  second  .u'otil  is  to  estttblish 
that  radio  interferometry  can  also  be  uti¬ 
lized  to  dett'rmine  satellite  orbits  with 
unprecedented  accuracy. 

Over  the  iDSo-lDSb  time  period,  many 
extensive  tests  of  the  AFGL  receivers 
have  been  conducted  independently  and  in 
comparison  witli  commercial  receivers 
basi'd  on  a  similar  concept.  These  tests 
have  demonstrated  that  all  three  baseline 
vector  comjionents  can  be  estimated  accu¬ 
rately.  With  instruments  that  used  only 
one  of  the  (iF’S  ra<lio  bands  (LI),  we  have 
obtaitu’d  accuracies  of  l-’d  mm  for  short 


baselines  (1  km),  and  1-2  parts  per  million 
(ppm)  for  longer  baselines.  With  dual-band 
receivers  (which  can  eliminate  ionospheric 
effects  on  the  radio  signals),  with  accurate 
information  on  the  satellite  orbits,  and 
with  several  hours  of  observation,  the 
accuracy  approaches  0.1  ppm  in  the  hori¬ 
zontal  and  0.2  ppm  in  the  vertical.  This 
translates  to  1  and  2  cm,  respectively,  for 
a  baseline  100  km  in  length.  Horizontal 
accuracy  of  1  ppm  has  been  obtained  with 
only  15  minutes  observation  with  dual¬ 
band  instruments.  Baseline  accuracy  is 
primarily  a  function  of  the  quality  of  the 
available  inform.ation  on  the  .satellite  or¬ 
bits,  of  local  atmospheric  conditions  (par¬ 
ticularly  the  wet  component  of  the  tropo¬ 
sphere),  and  of  the  receiving  antenna.  In 
all  cases,  baseline  results  can  be  obtained 
within  a  few  hours  after  data  collection. 

To  achieve  the  additional  goal  of  im¬ 
proved  satellite  orbits,  AFGLi  dual-fre¬ 
quency  interferometry  receivers  were  in¬ 
stalled  at  the  Haystack  Observatory  in 
Massachusetts,  the  Naval  Observatory 
Timing  Substation  in  Florida,  and  the 
Harvard  College  Observatory  station  in 
Te.xas.  These  receivers  were  connected  to 
hydrogen  maser  frequency  standards.  For 
the  purposes  of  this  experiment,  a  fourth 
receiver  (Texas  Instruments-4100)  was  lo¬ 
cated  at  Owens  Valley,  California.  These 
preliminary  orbit  determination  tests  us¬ 
ing  four  receivers,  placed  along  known 
baselines,  extended  over  six  days  with 
observations  of  five  NAVSTAR  satellites 
made  at  6-minute  intervals.  The  results 
show  uncertainties  of  orbit  determination 
at  the  1-5  m  level  (1-3  parts  in  10^);  postfit 
residuals  were  less  than  2  cm  rms.  It 
should  be  pointed  out  that  satellite  orbits 
are  routinely  available  from  the  govern¬ 
ment  with  accuracies  of  0.5  to  2  parts  in 
10*',  but  by  using  radio  interferometric 
methods  0.1  part  in  10**  can  be  achieved. 


Higher  accuracies  in  orbit  determination 
translate  directly  into  more  accurate  base¬ 
line  measurement.  Such  improvements 
will  enhance  the  science  of  geodynaniics, 
allowing  precise  monitoring  of  crustal  mo¬ 
tion  along  faults  or  fracture  zones  in  the 
earth  for  monitoring  or  predicting  earth¬ 
quakes. 

Future  efforts  in  GPS  interferometry 
will  concentrate  on  new  techniques  to 
monitor  GPS  orbits  without  the  necessity 
of  hydrogen  masers. 

Very  Long  Baseline  Interferometry 
(VLBI):  Satellite  radio  interferometry  is 
derived  from  techniques  developed  earlier 
from  VLBI  technology.  In  VLBI,  a  plane 
wave  front  from  a  distant  quasar  source 
arrives  at  two  radio  observatories  at  dif¬ 
ferent  times,  depending  on  the  direction  of 
the  sources,  the  orientation  of  the  earth, 
and  the  locations  of  the  observatories  on 
the  earth.  The  VLBI  technique  can  pre¬ 
cisely  determine  the  time  difference  by 
the  cross  correlation  of  the  signals  record¬ 
ed  at  the  two  observatories.  As  the  earth 
rotates,  the  time  difference  changes,  and 
the  VLBI  data  can  be  used  to  determine 
the  earth’s  rotation  rate  and  its  irregulari¬ 
ties,  polar  motion,  source  directions,  and 
the  highly  precise  intercontinental  dis¬ 
tances  between,  and  relative  positions  of, 
the  radio  observatories. 

Currently  we  are  studying  the  geophys¬ 
ical  applications  of  VLBI,  investigating 
the  accuracies  of  the  instrumentation  used 
to  obtain  VLBI  data  and  the  models  used 
to  analyze  the  data,  and  evaluating  the 
performance  of  water-vapor  radiometers 
as  means  of  estimating  the  atmospheric 
propagation  delay  due  to  water  vapor. 

Over  400  experiments  involving  mea¬ 
surement  of  207  separate  baselines  are 
now  in  the  VLBI  database.  The  lengths  of 
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these  baselines  ran^red  from  1  to  9,500 
km.  The  database  contains  the  following: 
information;  the  number  of  baseline  deter¬ 
minations;  the  mean  length;  the  statistical 
standard  deviation  of  the  mean;  the 
weighted  root-mean-square  (WRMS)  scat¬ 
ter  of  the  individual  estimates  about  the 
mean;  the  normalized  root-mean-square 
(NRMS)  scatter  about  the  mean;  the  rate 
of  change  of  the  baseline  length  and  its 
statistical  standard  deviation;  the  WRMS 
and  NRMS  scatter  about  the  best-fit  rate; 
the  interval  of  time  between  the  first  and 
last  measurements  for  each  baseline;  and 
“  mean  epoch  of  the  measurements. 


The  statistical  properties  of  the  base¬ 
line-length  determinations  are  shown  in 
the  figure,  where  the  WRMS  scatter  of 
the  baseline  length  estimates  is  plotted  as 
a  function  of  the  baseline  length.  For  long 
baselines  (>  2,000  km),  this  graph  shows 
that  the  WRMS  scatter  increases  with 
increasing  baseline  length,  indicating  that 
the  baseline-length  uncertainty  is  domi¬ 
nated  by  errors  in  the  height  of  the  sites 
at  each  end  of  the  baseline.  The  value  of 
the  height  error  inferred  from  the  figure 
is  '-50  mm.  The  large  number  of  short 
baselines  (<  2,000  km)  in  this  latest  solu¬ 
tion  allows  the  contribution  of  the  (locally) 
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Weighted  Rdiit-.Mean-Siiiiarf  I  WRM.S)  ScatUT  of  Baselin*’  IvonKth  Estimates  about  Their  Best-fit  Straight  Lines 
I’lotteil  as  a  Function  of  Baseline  larngth.  (Figure  shows  characteristic  increase  of  WRMS  scatter  with 
increasing  liaseline  length,  indicating  that  length  uncertainty  is  dominated  by  height  of  site  errors.) 


■m 


horizontal  errors  to  be  apparent  in  the 
figure  For  short  baselines,  the  height 
errors  do  not  dominate  the  uncertainty  in 
the  baseline  length.  The  standard  devia¬ 
tion  of  the  horizontal  components  inferred 
from  the  figure  is  <  10  mm.  Both  the 
horizontal  and  vertical  scatterers  are 
about  20  percent  larger  than  would  be 
expected  given  their  respective  statistical 
uncertainties.  The  additional  scatter 
arises  from  a  number  of  unmodeled  ef¬ 
fects  in  the  analysis.  The  software  is 
currently  being  upgraded  to  incorporate 
the  effects  of  ocean-tide  loading,  the  fluid 
core  on  the  solid-earth  tide,  and  the  bright¬ 
ness  distribution  of  the  radio  sources. 
Water- vapor  radiometer  data  are  also  be¬ 
ing  examined  to  see  if  a  parametric  model 
for  the  effects  of  azimuthal  asymmetry  in 
the  distribution  of  water  vapor  can  be 
developed. 

Advanced  Gravity  Field  Modeling:  A 

key  contributor  to  accurate  and  detailed 
global  gravity  models  was  the  satellite 
altimeter,  which  provided  measurements 
of  the  sea  surface  height  (geoid  height) 
over  most  of  the  oceans.  Although  almost 
a  decade  old,  the  altimeter  data  are  still 
being  analyzed  to  improve  and  expand 
existing  models.  Extensive  tests  were  con¬ 
ducted  to  compare  surface  ship  data  with 
gravity  anomalies  predicted  from  a  com¬ 
bined  Geos-3/Seasat  altimeter  data  set. 
These  tests  led  to  routine  procedures  for 
the  prediction  of  point  gravity  anomalies 
and  sea  surface  heights.  Approximately 
2.2  million  useful  predictions  were  made 
of  point  values  which  were  also  formed 
into  0.5"  X  0.5"  and  1"  x  1"  mean  values  for 
comparison  with  terrestrial  data.  Various 
analyses  were  carried  out  with  this  data 
set,  including  the  computation  of  spectra 
that  show  potential  coefficient  behavior  at 
degrees  up  to  about  900.  From  these 


analyses,  we  conclude  that  the  gravity 
field  on  the  ocean’s  surface  is  definitely 
smoother  than  on  land  areas. 

The  preferred  represenUition  for  global 
gravity  models  is  a  spherical  harmonic 
expansion.  The  reasons  for  this  are  large¬ 
ly  computational  since,  with  regularly 
gridded  data,  one  can  ake  advantage  of 
the  Fast  Fourier  Transform  to  analyze 
data  along  bands  of  constant  latitude. 
Expansions  to  degree  and  order  250 
(63001  coefficients)  or  even  360  (130321 
coefficients)  have  been  determined.  The 
solution  to  degree  250  was  obtained  by 
first  combining  satellite-derived  potential 
coefficients  (NASA’s  GEM12)  with  a  set 
of  1"  X  1"  mean  free  air  anomalies.  These 
anomalies  were  formed  by  merging  a 
terrestrial  set  and  the  set  derived  from 
Geos-3/Seasat  altimeter  data.  The  combi¬ 
nation  solution  included  downward  contin¬ 
uation  corrections  to  the  surface  anoma¬ 
lies  and  ellipsoidal  corrections  to  the 
a  priori  potential  coefficients.  The  adjust¬ 
ment  yielded  582  potential  coefficients 
and  64800  1"  x  1"  anomalies.  Two  combina¬ 
tion  solutions  were  made,  one  that  exclud¬ 
ed  geophysically  predicted  anomalies  and 
one  that  included  5547  such  anomalies. 
The  potential  coefficients  were  deter¬ 
mined  through  an  optimal  estimation  pro¬ 
cedure  where,  primarily,  sampling  error 
was  minimized.  By  comparing  geoid  undu¬ 
lations  from  these  solutions  with  undula¬ 
tions  at  Doppler  stations  in  North  Ameri¬ 
ca,  the  root  mean  square  difference  was 
found  to  be  1.55  m. 

The  computational  efficiency  of  algo¬ 
rithms  for  generating  high-degree  spheri¬ 
cal  harmonic  expansions  is  clearly  demon¬ 
strated  with  these  new  models,  but  the 
loss  of  computational  accuracy  at  the  very 
high  degrees  is  a  problem  requiring  care¬ 
ful  analysis.  A  method  was  developed  that 
evaluates  spherical  harmonics,  exactly  at 
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any  dt'^reo.  oxelusivoly  with  iiitej^er  oper¬ 
ations.  Thus,  problems  of  accuracy  and 
recursion  stability  are  avoided  and  the 
algorithm  depends  only  on  the  available 
computer  time  and  memory  capacity. 

Local  fira\'ity  estimation  often  depends 
on  realistic  models  for  crustal  masses  and 
the  levels  (d'  isostatic  compensation.  The 
new.  more  detailed,  and  accurate  pjravity 
models,  however,  suggest  a  much  deeper 
level  of  compensation  than  the  dO  km  of 
the  trenerally  accepted  isostatic  model  of 
.\iry  and  Heiskanen.  To  restore  consisten¬ 
cy  with  the  niodel  requires  a 

modification  of  the  isostatic  model.  One 
proposal  smoothes  the  root /  antiroot  inter¬ 
face  of  the  .\iry,'' Heiskanen  model  accord- 
in.ir  to  the  \’eninji  Meinesz  system  of 
retrional  compensation.  An  iterative  least- 
siiuares  process  was  desijtned  that  provid¬ 
ed  parameter  estimates  of  an  isostatic 
model  in  best  possible  ajtreement  with  the 
observed  ^rravitational  potential  of  the 
earth.  Based  on  these  parameters  a  set  of 
harmonic  coefficients  of  the  topojjraphic- 
isostatic  potential,  complete  up  to  de^^ree 
and  order  180.  was  also  computed. 

-•Vn  example  of  the  si^niificance  of  accu¬ 
rate  topoftraphic-isostalic  models  arises  in 
the  upward  continuation  of  surface  j^ravi- 
ty  data.  The  computation  of  the  j^ravity 
vector  in  space  is  based  on  the  solution  to 
a  boundary-value  problem,  where  the 
boundary  is  a  sphere  and  perturbations  of 
the  earth's  surface  from  a  sphere  are 
treated  separately  usinjt  terrain  data  and 
density  models. 

•Althoutrh  trravity  data  for  fjlobal  gravi¬ 
ty  models  exist  for  most  parts  of  the 
globe,  some  regions,  including  the  polar 
caps  and  inaccessible  continental  areas, 
are  largely  devoid  of  adequate  gravity 
surveys.  Observing  the  motion  of  a  near- 
earth.  polar-orbiting  satellite  fills  the 
gaps,  provided  the  observing  stations  are 


also  globally  distributed.  The  most  practi¬ 
cal  set  of  such  stations  is  the  constellation 
of  Global  Positioning  System  satellites, 
which  is  designed  to  provide  worldwide 
continuous  positioning  and  navigation  ca¬ 
pabilities.  The  concept  of  satcllite-to-satel- 
lite  tracking  is  not  new  for  global  gravity 
surveying  (see  the  figure)  but  the  exis¬ 
tence  of  GPS  offers  for  the  first  time  the 
capability  to  determine  the  total  (three- 
dimensional)  vector  of  gravity  uniformly 
and  consistently  over  the  entire  globe.  The 
proposed  low-orbit  satellite  is  the  shuttle 
(STS),  whose  continued  support  ensures 
the  viability  of  the  gravity  mapping  mis¬ 
sion  at  relatively  low  cost.  Also,  the  shut¬ 
tle  avionics  already  provide  for  a  GPS 
receiver  and  antennas.  Therefore,  the  only- 
added  instrumentation  package  would 
consist  of  accelerometers  and  inertial  sen¬ 
sors  to  detect  and  record  nongravitational 
accelerations  which  must  be  subtracted 
from  the  accelerations  determined  by  GPS 
tracking.  Anticipated  accuracies  are  1-2 
mGai  for  each  gravity  vector  component 
averaged  over  100-200  km  squares, 

Balloonborne  High-Altitude  Gravime¬ 
try;  Gravity  field  values  at  high  altitudes 
(80  km)  are  normally  estimated  from  up¬ 
ward  continuation  of  surface  measure¬ 
ments,  or  downward  continuation  of  satel¬ 
lite  measurements  as  computed  from  or¬ 
bital  perturbations.  These  techniques  are 
well  developed  with  generally  accepted 
results  but  are  subject  to  some  limita¬ 
tions.  Upward  continuation  depends  upon 
the  quality  and  distribution  of  surface 
data,  usually  nonuniformly  spaced  and 
taken  from  different  surveys.  Thus,  gaps 
and  uneven  spatial  distributions  may  re¬ 
sult  in  inaccurate  upward  continued  esti¬ 
mates.  With  increasing  altitude,  short 
wavelength  information  from  crustal 
structuie  is  attenuated  and  not  recover- 


Satellite-to-satellite  Irackinfi  beu.^en  receiver  on  STS  and  GPS  satellites  will  allow  determination  of  earth's 
gravity  field.  (N'on-inertial  forces  on  STS  will  be  measured  by  on-board  accelerometer.) 


able  from  downward  continuation  from 
satellite  altitudes. 

Verifying  gravity  databases  and  models 
requires  establishing  the  validity  of  the 
models  at  locations  where  measurements 
have  not  been  made.  While  such  models 
can  currently  be  effectively  tested  at 
ground  level,  their  validation  at  altitude 
awaits  the  development  of  suitable  ap¬ 
proaches.  The  Air  Force  Geophysics  Labo¬ 
ratory  is  developing  a  program  to  verify 
gravity-model  estimates  by  directly  mea¬ 
suring  gravity  using  high-altitude  bal¬ 
loons  (see  the  figure).  A  gravimeter  pack¬ 
age  suspended  beneath  a  balloon  is  in  a 


dynamic,  and  largely  unpredictable,  envi¬ 
ronment,  sensing  not  only  the  earth’s 
gravitational  acceleration  but  also  all  ac¬ 
celerations  due  to  the  motions  of  the 
balloon  system.  For  a  specified  time  inter¬ 
val  (1  sec)  during  which  a  measurement  is 
made,  the  variation  in  balloon  acceleration 
is  expected  to  be  significantly  greater 
than  the  variation  expected  in  the  earth’s 
field.  Therefore,  additional  inertial  instru¬ 
mentation  is  required  to  measure  as  many 
balloon  motions  as  possible,  such  as  rota¬ 
tion,  bobbing,  and  swaying.  As  all  such 
ancillary  sensors  are  dependent  on  the 
local  inertial  frame,  gravitational  accelera- 
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tions  cunnot  he  separaled  from  vertical 
halli^oti  aeoeleratiods  without  additional 
data  acquired  independently  of  the  frame 
of  reference  of  the  balloon.  These  indepen¬ 
dent  data  are  extracted  from  external 
balloon  trackintr.  which  must  accomplish 
three  olqectives:  (1)  measure  the  gravime¬ 
ter  package  accelerations  (especially  the 
vertical)  referred  to  a  ground-ljtised  coor¬ 
dinate  system,  (2)  measure  velocity  for 
estimation  of  the  Eotvos  effect,  and  (2) 
measure  gravimeter  position,  which  is 
used  as  an  input  to  the  gravity  model. 
Combining  balloon  data  with  tracking 
data  allows  for  the  separation  of  balloon- 
induced  accaderations  from  gra\  llational 
accelerations. 

The  long-term  goal  is  to  determine  grav- 
itatiomd  acceleration  at  altitudes  rtinging 
from  near  ground  level  to  about  dd  km,  to 
an  accuracy  of  1  mtial  ('•1  ppm).  To 
achieve  this  goal,  kinematic  motions  of  the 
sensors  must  be  measured  to  better  than  1 
rnCal  vertical  acceleration,  horizontal  ve¬ 
locity  to  b  cm.'sec,  and  altitude  to  d 
meters.  The  quality  of  data  for  the  on¬ 
board  inertial  sensors  and  external  track¬ 


ing  are  crucial  to  the  success  of  the 
experiment. 

To  date,  we  have  two  successful  flights. 
The  first  was  a  feasibility  test  of  the 
sensors  and  experimental  methods.  Re¬ 
sults  from  the  first  flight,  closure  to 
within  27  mCial,  demonstrated  that  exter¬ 
na)  tracking  (ground-based  radar)  was 
inade(iuate  for  the  job,  and  the  best  hope 
to  resolve  this  problem  lay  in  using  differ¬ 
ential  CiI’S  tracking.  The  second  flight 
focused  on  GPS  differential  tracking  and 
inclmled  improved  inertial  instrumenta¬ 
tion.  Current  results  are  very  encourag¬ 
ing.  .‘\lthough  the  analysis  is  not  yet 
complete,  we  have  closure  between 
measured  and  modeled  gravitational  ac¬ 
celeration  to  0  ±20  mtial  without  any 
elaborate  combined  processing  of  inertial 
and  GPS  data.  The  combined  processing 
system  is  being  tested  now,  and  should 
reduce  the  uncertainty  to  ±b  m(Ja)  with 
current  data. 

If  our  expectations  are  realized,  we  will 
plan  a  third  flight  to  resolve  the  problems 
found  in  both  flights,  and  expect  to  mea¬ 
sure  to  an  uncertainty  of  ±1  mGal  or 
better.  The  third  flight  must  necessarily 
wait  until  the  GPS  constellation  is  ex¬ 
panded.  probably  not  until  1991  or  1992. 

Gravity  Gradiometer:  All  Air  Force  in¬ 
ertial  navigation  .systems  (INS)  rely  on  a 
model  of  the  earth’s  gravity  field  for 
[jrecise  point-to-point  navigation.  While  sa¬ 
tellite-based  measurements  provide  long 
wavelength  information  about  the  earth’s 
gravity  field,  only  near-earth  measure¬ 
ments  can  accurately  determine  the  short 
wave-length  features.  Until  now,  the  col¬ 
lection  of  these  types  of  data  has  been 
labor-intensive  and  slow.  In  fact,  in  geo- 
grai)hically  harsh  areas,  conventional 
gravity-survey  methods  are  nearly  impos¬ 
sible  to  imi)lement  and  suffer  from  lack  of 
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geodetic  control  and,  therefore,  accuracy. 
As  the  accuracy  of  INS  has  increased,  so 
has  the  demand  for  large  amounts  of 
short  wavelength  gravity  data.  This  de¬ 
mand  accelerated  the  search  for  an  auto¬ 
mated  mobile  gravity-data  acquisition  sys¬ 
tem. 

AFGL  has  explored  the  possibility  of 
measuring  gravity  from  moving  plat¬ 
forms,  such  as  aircraft,  since  the  1950’s. 
Early  results  indicated  that  using  stan¬ 
dard  gravimeters  would  present  great 
difficulties  in  separating  the  acceleration 
due  to  gravity  from  other  accelerations 
induced  by  aircraft  motion.  In  the  early 
1960’s,  a  new  concept  arose  that  called  for 
measurements  of  gravity  gradients  rather 
than  gravity.  The  measurement  of  gravity 
gradients  is  more  suited  to  moving  envi¬ 
ronments  for  several  reasons.  First,  it 
resolves  the  problem  of  the  fundamental 
inseparability  of  inertial  and  gravitational 
accelerations  that  has  hampered  moving- 
base  measurements  and  gravity.  From  the 
relationship  between  accelerations  in  iner¬ 
tial  and  noninertial  reference  frames,  it  is 
easy  to  show  that  an  inertially  stabilized 
gradient-measuring  system  yields  data 
that  are  independent  of  linear  inertial 
accelerations.  Second,  a  gradiometer  sys¬ 
tem  comprises  three  (differently  oriented) 
gradient  sensors,  sufficient  for  the  deter¬ 
mination  of  the  five  independent  elements 
of  the  gravity  gradient  tensor.  This  per¬ 
mits  the  direct  calculation  of  not  only  the 
vertical  gravity  component,  but  also  the 
deflection  of  the  vertical  (DOV);  i.e.,  the 
full  gravity  vector  is  obtained.  Third,  be¬ 
cause  the  gradiometer  is  an  instrument 
designed  to  sense  the  short-wavelength 
variations  of  earth’s  gravity  field  in  the 
form  of  gradients,  it  provides  the  type  of 
data  necessary  for  accurate  interpolation 
of  gravity  between  survey  tracks. 


Full-scale  development  of  a  land  and 
airborne  Gravity  Gradiometer  Survey  Sys¬ 
tem  (GGSS)  is  now  underway.  GGSS  in¬ 
strumentation  has  been  installed  in  a  spe¬ 
cially  prepared  motor  van.  Gravity  gradi¬ 
ents  can  be  measured  from  the  van  by 
driving  through  the  area  of  interest.  For 
gravity  surveys  covering  larger  areas  the 
van  is  loaded  onto  a  C-13f>  cargo  aircraft, 
where  it  is  operated  in  an  airborne  mode 
(see  the  figure).  The  C-130,  equipped  with 
power  conditioning  equipment  and  a  spe¬ 
cial  interface  to  the  autopilot,  flies  a 
predetermined  survey  pattern  controlled 
by  the  GGSS  computer.  Navigation  data 
from  the  Global  Positioning  System  (GPS) 
are  used  by  the  GGSS  for  real-time  air¬ 
craft  tracking  and  control.  The  on-board 
computer  calculates  heading  and  altitude 
corrections  based  on  GPS  data  plus  air¬ 
craft  attitude  information  from  a  gyro- 
stabilized  platform.  Track  corrections  pro¬ 
cessed  by  the  GGSS  computer  are  sent  to 
the  autopilot  which  controls  the  aircraft. 

A  critical  aspect  of  an  airborne  gradiom- 
etry  system  is  that  the  data  coverage  over 
the  survey  area  must  be  sufficiently 
dense.  The  expected  estimation  accuracies 
for  an  ideal  survey  at  600  m  altitude  and  5 
km  track  spacing  is  1  mGal  in  magnitude 
and  0.2  arcsec  for  deflections  over  a  large 
area.  Tracks  are  assumed  to  run  in  two 
orthogonal  directions.  The  error  of  estima¬ 
tion  is  quite  sensitive  to  track  spacing, 
however,  and  the  accuracy  goal  cannot  be 
achieved  with  unidirectional  tracks. 

The  test  program  will  take  place  in  mid 
1987.  It  will  be  divided  into  two  parts:  land 
and  airborne.  The  land  test  will  evaluate 
the  GGSS  repeatability  and  its  ability  to 
transfer  both  gravity  and  DOV  between 
known  astro-geodetic  stations.  The  air¬ 
borne  test  will  assess  how  well  the  gradi¬ 
ometer  can  reproduce  very  accurate 


I.iiailiiii:  ttif  ijr.'ivity  (inulinmi-tri'  Survey  System  V;u)  unto  a  (.'-l-'id  Aircraft  to  Condtict  an  Airl>orne  Survey. 


truth  (lata  over  a  latye  atva  (.'300 
kill  tiy  :300  kill). 

Superconducting  Accelerometer; 

AP'(3L  is  s{)onsorinjr  a  program  to  build  a 
superconducting  accelerometer  to  achieve 
several  orders  of  magnitude  improvement 
in  the  accuracy  of  linear  and  angular 
ticceleration  measurements.  The  instru¬ 
ment  being  developed  will  use  a  magneti¬ 
cally  levitated  "inverse  cube"  as  the 
proofmass.  Each  of  the  24  faces  of  the 
inverse  cube  contains  a  magnetic-field 
"sensing"  coil  and  a  magnetic-field  "pro¬ 
ducing”  eoil,  for  a  total  of  48  coils  (see  the 
figure).  Movement  of  the  proofmass  is 
reflected  by  an  increase  (or  decrease)  in 
the  current  in  the  sensing  current  loo[)s. 
By  changing  the  current  through  a  combi¬ 
nation  of  "producing”  current  loops,  the 
magnetic  "pressure"  exerted  on  any  one 
of  the  24  faces  of  the  proofmass  can  be 


increased  (or  decreased)  producing  a  feed¬ 
back  mechanism  to  recenter  the  proof- 
mass  between  the  24  coils.  This  feedback 
scheme  allows  the  proofmass  to  be  stabi¬ 
lized  along  the  three  rotational  and  three 
translational  axes. 

Two  properties  of  superconducting  ma¬ 
terial  are  being  utilized  in  the  feedback 
mechanism  u.sed  as  the  basis  for  the 
construction  of  this  accelerometer:  the 
Meissner  effect  and  the  zero  electrical 
resistance  of  superconducting  materials. 
The  Meissner  effect  excludes  magnetic 
fields  from  passing  through  the  surface  of 
a  superconducting  material,  permitting 
the  [jroofmass  to  be  floated  with  magnetic 
fields.  The  second  effect  allows  an  electric 
current  to  circulate  through  a  supercon¬ 
ducting  electric  current  loop  without  ener¬ 
gy  dissipation,  thus  keeping  the  magnetic 
jiroofmass  absolutely  stable. 
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Proof  moss  (Niobium)  Coil  form  (Mocor  ceramic) 


n 


Coi Is  (24  sensing  coils +  24  levitation  coils) 

Schematic  DiaKram  of  6-Axis  Cryogenic 
Accelerometer  Proof  Mass  with  Sensing  and 
Levitation  (’oils. 

Under  a  Forecast  2  initiative,  possible 
applications  of  this  cryogenic  instrument 
to  inertial  navigation  systems  will  be  stud¬ 
ied.  It  may  be  possible  to  build  a  much 
more  accurate  and  compact  inertial  navi¬ 
gation  system  for  aircraft  or  cruise  mis¬ 
siles  that  can  operate  without  prior  knowl¬ 
edge  of  the  gravitational  field.  Supercon¬ 
ducting  technology  may  also  allow  the 
construction  of  more  accurate  gravime¬ 
ters,  seismometers,  and  gravity  gradiome- 
ters. 

"Fifth  Force"  Studies:  AFGL  scientists 
are  searching  for  the  existence  of  a  non- 
Newtonian  “Fifth  Force”  -  an  additional 
fundamental  force  beyond  electromagne¬ 
tism,  gravity  and  the  strong  and  weak 
interactions  of  physics.  If  such  a  force  is 
found  to  exist,  it  may  be  the  link  between 
quantum  mechanics  and  general  relativi¬ 
ty,  thus  aiding  in  the  search  for  a  unified 
field  theory.  This  extremely  weak  repul¬ 
sive  force  is  postulated  to  act  between 


TV  Tower  (2,000  ft)  from  which  AFGL 
scientists  will  measure  gravity  at  various 
levels  to  test  “fifth  force”  hypothesis, 

objects  separated  by  distances  of  less  than 
several  hundred  meters.  Over  the  last 
decade,  there  is  growing  evidence  that  the 
measured  value  of  G  from  borehole  meas¬ 
urements  is  about  0.8  percent  higher  than 
the  commonly  accepted  value.  The  leading 
hypothesis,  assuming  the  measurements 
are  correct,  is  that  G  is  a  function  of 
distance.  To  test  this  hypothesis,  the  Ge¬ 
odesy  and  Gravity  Branch  will  measure 
gravity  as  a  function  of  altitude  along  a 
2,000  foot  television  tower  (see  the  fig¬ 
ure).  Additional  ground  measurements 
tied  to  an  absolute  gravity  station,  includ¬ 
ing  measurements  of  topographic  eleva¬ 
tions  and  the  vibration  spectra  of  the 
tower,  will  contribute  to  providing  the 
appropriate  accuracy.  Also  in  the  planning 
stage  are  underground  gravity  measure¬ 
ments  in  a  deep  drill  hole  in  the  Greenland 
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ice  ca[).  APX'iL  is  also  supportinjj  new 
Eolvos  and  differential  Galilean  experi¬ 
ments. 

GEOKJNETICS 

The  ever-increasinp:  technical  sophistica¬ 
tion  of  Air  Force  systems  has  made  opti¬ 
mum  operational  perforntance  susceptible 

Some  areas  of  recent  concern  include 
inertial  tfuidance  instrumentation,  missile 
payload  intetrrity,  and  advanced  missile 
hasintr-niode  \'ulnerahility.  L'.ibu-tunately. 
performance  enhancement  increases  sen¬ 
sitivity  to  ^eokinetic  effects,  and  there¬ 
fore  the  potential  for  error,  caused  by  the 
local  tteokinetic  environment,  is  expanded. 

Associated  structures  and  containment 
areas  may  also  be  susceptible  to  the  jteoki- 
netic  en\'ironment.  The  resfiotise  of  tliese 
structures  to  disruiitintr  strong  motional 
forces  must  l)e  established  and  compensa¬ 
tion  made  within  the  aiKer.tc  fr^ouencv 
bands  to  preserve  the  integrity  of  these 
facilities  and  the  inte^nity  of  Air  h\irce 
rilU'i-HtionS. 

The  pmokinetic  environment  a  so  im¬ 
pacts  uiion  optimum  Air  Force  system 
capabilities  and  performance  in  the  follow¬ 
ing  areas:  (I)  seismic  discrimination:  for 
determining’'  distinguishing^  source  charac¬ 
teristics  generated  by  earth(iuakes  and 
explosions,  or  vehicular  and  aircraft  activ¬ 
ity  whose  seismic  and  acoustic  signatures 
are  masked  or  colored  by  transmission 
[)ath  and  environmental  noise  factors;  (2) 
seismic  communication;  for  [ireserving  the 
intelligence  [lortion  of  the  generated 
ground  signal  that  is  predicated  on  the 
intensity  of  the  local  earth  background- 
noise  environment  and  ground  transmis¬ 
sion  path;  (d|  seismic  detection;  for  moni¬ 
toring  covert  activities  and  maintaining 
physical  security;  and  (4|  environmental 


impact  statements;  for  establishing  data¬ 
base  criteria  for  engineering  and  juridical 
concerns. 

To  suppress,  or  compensate  for,  geoki- 
netic  effects,  the  attributes  of  the  ground 
transmission  path  must  be  known.  Since 
these  characteristic  attributes  depend  on 
the  local  geology,  the  transmission  proper¬ 
ties  of  the  source-receiver  environment 
musL  ot  fuii>  assessed.  The  objectives, 
then,  of  the  geokinetic  research  ;ind  devel¬ 
opment  conducted  by  the  Earth  Sciences 
Division  are  threefold;  (1)  to  develop  meth¬ 
ods  for  rapidly  assessing  the  environmen¬ 
tal  seismic  propagation  attributes  of  a 
local  site,  (2)  to  forecast  and  verify  site 
ground-motion  responses,  and  (3)  to  rec¬ 
ommend  methods  for  suppressing  and 
compensating  for  the.se  motions. 

Seismology;  Geology,  tectonics,  and 
seismology  are  studies  to  predict  the  spa¬ 
tial  and  temporal  [troperties  of  motions  of 
the  earth's  crust  over  a  wide  range  of 
ii'equencies.  Specific  efforts  include  meas¬ 
urement  and  interpretation  of  long-period 
.secular  deformation  and  realistic  model¬ 
ing  of  the  effects  of  .seismic  motion  on  Air 
P'orce  systems  and  structures. 

The  Solid  Earth  Geophysics  Branch  con¬ 
ducts  a  research  program  aimed  at  pre¬ 
dicting  the  level,  frequency  content,  and 
duration  of  seismic  ground  motions 
caused  by  earthquakes  and  explosions. 
Previous  work  has  shown  that  complex 
geology  at  a  facility  affects  seismic  wave 
propagation  and  surficial  ground  motion. 
These  effects  cannot  be  adequately  repre¬ 
sented  using  simple  assumptions  such  as 
l)lane  layering,  since  the  effects  include 
complications  such  as  diffraction,  scatter¬ 
ing,  and  wave  mode  conversion.  Theoreti¬ 
cal  modeling  includes  such  techniques  as 
three-dimensional  ray  tracing,  finite  ele¬ 
ment,  boundary  integral  equation,  and 
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Kirchhoff  methods,  as  well  as  standard 
mode  and  ray  theory  computations. 

Field  studies  have  focused  on  providing 
data  to  test  the  theoretical  calculations  as 
well  as  measurements  of  earth  properties. 
.4  seismogram  written  at  an  AFGL  station 
53  km  from  the  MINOR  SCALE  high- 
explosive  test  (4800  ton  nuclear  simulation 
test  performed  at  White  Sands  Missile 
R^^nge  in  July,  1985,  under  DNA  sponsor¬ 
ship)  shows  nearly  1  minute  of  high  ampli¬ 
tude  signals.  The  recorder  was  situated  in 
the  Tularosa  Basin,  a  deep  sediment-filled 
valley.  Analysis  of  this  record  shows  that 
the  wave  packets  are  surface  waves  multi- 
pathing,  causing  reverberations  in  the  val¬ 
ley.  White  Sands  is  a  test  and  possible 
deployment  location  for  the  mobile  ICBM 
system. 

A  joint  effort  by  AFGL,  the  U.S.  Geo¬ 
logical  Survey,  the  Air  Force  Weapons 
Laboratory,  and  a  university  consortium 
to  measure  crustal  properties  in  the  Basin 
and  Range  geological  province  of  western 
Nevada  was  undertaken  in  July,  1986. 
This  part  of  the  western  United  States  is 
undergoing  crustal  extension  caused  by 
tectonic  forces  beneath  the  continent. 
Anomalous  crustal  structure  and  frequent 
earthquakes  result.  Because  of  its  low 
population,  the  area  is  being  considered 
for  advanced  ICBM  basing.  The  AFGL 
part  of  this  experiment  focused  on  obtain¬ 
ing  seismic  data  within  and  across  topo¬ 
graphic  features.  Of  particular  interest  is 
how  energy  from  an  explosion  in  one 
valley  couples  to  another  valley.  Analysis 
is  just  beginning  on  the  more  than  15,000 
seismograms  obtained  during  this  two- 
week  experiment. 

A  number  of  smaller  seismic  experi¬ 
ments  were  also  conducted  during  the 
reporting  period.  Measurements  of  how 
acoustic  waves  from  small  aerial  explo¬ 
sions  suspended  from  tethered  balloons 


couple  to  seismic  energy  were  acquired  at 
Fort  Devens,  Massachusetts  in  May,  1986. 
AFGL  and  AFWL  scientists  recorded 
acoustic  and  seismic  signals  in  a  variety  of 
topographic  and  vegetation  conditions.  An 
array  of  borehole  tiltmeters  has  also  been 
installed  at  Yellowstone  National  Park, 
Wyoming,  in  a  program  to  detect  tidal 
admittance  anomalies  caused  by  the  volca¬ 
nic  caldera  and  to  search  for  possible 
earthquake  precursors.  Also,  a  pair  of 
tiltmeters  has  been  emplaced  in  50  m 
boreholes  in  the  La  Malbaie  seismic  region 
near  Charlevoix,  Quebec,  to  detect  the 
theoretically  predicted  changes  in  the  lo¬ 
cal  response  to  earth  tides  as  rocks  are 
stressed  toward  their  fracture  strengths. 

In  a  cooperative  program  with  the  U.S. 
Geological  Survey,  NASA,  and  a  number 
of  universities,  AFGL  operated  a  biaxial 
tiltmeter  at  the  University  of  California 
Pinon  Flat  Geophysical  Observatory  near 
the  San  Andreas  fault  zone  northeast  of 
San  Diego.  The  responses  of  diverse  in¬ 
struments,  including  tilt,  strain  and  stress 
meters,  and  seismometers  operating  in  an 
active  tectonic  area,  are  being  compared. 

SeismO'Acoustic  Studies:  During  1985 
and  1986,  AFGL  continued  to  provide 
support  to  the  Space  Division  Space 
Transportation  System  (STS)  Program. 
The  primary  eff  -ts  were  directed  to¬ 
wards  satisfying  requirements  to  ensure 
the  structural  integrity  of  major  ground- 
support  facilities  at  V23,  the  Vandenberg 
AFB  Shuttle  launch  facility.  This  support 
was  divided  into  two  elements;  the  comple¬ 
tion  of  launch-induced  vibro-acoustic  envi¬ 
ronment  forecasts  for  the  site  and  the 
design  and  installation  of  a  Vibro- Acoustic 
Measurement  System  (VAMS)  at  V23. 

During  the  period  1982  through  1984, 
AFGL  had  conducted  a  series  of  studies  at 
Kennedy  Space  Center  to  determine  an 


acoustic  soui-ci‘  iiiodel  for  the  shuttle 
launch  atui  an  exjilosives  soundinj;  pro- 
oratn  at  \’dd  to  determine  the  site-specific 
responses  of  nuijor  structures  to  acoustic 
ioadinp'.  These  efforts  cuhninated  in  198") 
with  the  comiiletion  of  the  Ah'ClL  fore¬ 
casts  for  the  launcleinduct‘d  ',  ihro-;icoustic 
environment  ;it  \’2d.  The  major  conclu¬ 
sions  of  this  study  were:  (1)  ;i  hit^li  proba¬ 
bility  exists  till.:,  tltc  I'liyload  I’lceai'ation 
Room  il’I’R)  and  the  I’ayload  Chanjieout 
Room  llH'Rl  will  pound  durinj;  ;in  STS 
launch;  12)  motion  le\els  in  certain  loca¬ 
tions  within  the  Administration  Btuldinjr 
apjiroach  le\t'ls  of  concern  for  the  surviv¬ 
ability  of  sensiti\'e  eijuipment;  (2)  the  pres¬ 
sure  loads  obsei'ved  ;it  the  site,  possibly 
including  the  loads  rt'flected  hack  onto  the 
shuttle,  itself,  could  be  as  such  as  l.'i  dB 
higher  than  those  e\|ierience(l  at 
Kennedx",  l4)  if  poundintt  does  not  occur 
between  the  PBR  and  the  F’('R,  Lite  motion 
levels  within  the  PI’R  should  be  within 
specifioition.  It  was  ;dso  noted  th;it  these 
studies  indicated  th;tt  the  seismic  hazard 
for  the  facility  may  have  been  underesti¬ 
mated,  especially  when  all  the  moliile 
structures  at  the  site  are  moved  over  the 
liiunch  mount. 

In  late  1985,  ,\F(1L  beKHH  the  installa¬ 
tion  of  the  V.\M.8  at  V2.‘i  (see  the  figure). 
This  system  was  designed  by  AFGL  to 
1 1  *01 » ito  r  the  vibro-Jicou.'tic  launch  environ¬ 
ment  durinjf  the  first  three  shuttle 
launches  from  Vtindenbertr  AFH.  Howev¬ 
er  installation  of  this  system  was  halted 
following  the  Challenjrer  explosion  in  J;in- 
uary.  198(>,  During  this  hiatus,  AhTlR  has 
continued  to  improve  and  upgrade  the 
\'AMS  design. 

The  V'.WIS  is  an  e:isily  reconfiyturable, 
flexible,  distributed  computer  network  de- 
sij^ned  for  monitoring'’  environmental  mo¬ 
tions.  The  hciirt  of  the  system  is  a  master 
control  unit,  a  super  fast  microprocessor 


•VFCiL  .''cientists  Mcasiiriti);  ihf  V'iliro- 
acimslic  Fiivininnifiit  at  the  V’2;i  Space 
.'■'ImUli'  Faiiiicli  Facility.  Vaiiileiiberfr  .ti  H- 

to  centrally  manage  the  network  and  pe¬ 
ripheral  processors,  as  well  as  to  continu¬ 
ally  record  tiata.  Closely  coupled  to  the 
master  is  a  standard  microcomputer  for 
serial  code  execution,  and  an  array  proces¬ 
sor  for  the  massively  parallel  data  pro¬ 
cessing  retiuired  in  digital  signal  process¬ 
ing.  Five  front-end  slave  units  are  coupled 
to  the  mjister. 

Currently,  the  VAMS  is  capable  of  re¬ 
cording  and  analyzing  80  channels  of  svds- 
mic  and/or  pressure  signals  with  a  maxi¬ 
mum  fretjuency  of  interest  at  50Hz.  Accu¬ 
racy  is  better  than  0.5  percent  for  pres¬ 
sure  in  the  range  from  0  to  5  psid  and  0  to 
20  psia.  Sensitivity  of  the  seismometers  to 
motion  is  better  than  2  x  10''  cm/sec. 
This  is  well  below  the  average  ground 
noise  present. 

During  the  period  August,  1985,  to  July, 
198(1,  .VFG!.,  maintained  a  strong  ground- 
motion  recording  station  at  V’23.  This 
support  was  revjuestcd  by  the  Shuttle 
-Activation  Task  Force  to  satisfy  NASA- 
im|»ose<l  re(|uirements.  This  system  was 
st't  up  to  automatically  record  any  seismic 
event  with  ground  accelerations  exceed- 
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ing  0.01  g  at  V23.  During  the  year  that  the 
system  was  operational,  no  events  exceed¬ 
ing  this  level  were  detected. 

During  1985  and  1986  Ballistic  Missile 
Office  objectives  were  supported  by  theo¬ 
retical  studies  for  the  MX  Deep  Basing 
Mode.  A  seismic  ray-tracing  code  devel¬ 
oped  for  AFGL  was  used  to  study  the 
seismic  motions  that  could  impact  missile 
operations  for  silos  located  within  moun¬ 
tains.  The  major  effort  has  been  the  detec¬ 
tion  of  surface  cratering  by  seismic 
means.  It  has  been  shown  that  operational 
deep-based  crews  could  detect  the  location 
of  surface  craters  by  using  small  explo¬ 
sive  detonations  to  image  the  ground  sur¬ 
face. 

In  1984,  Logistics  Command  requested 
that  AFGL  examine  the  vibration  prob¬ 
lems  associated  with  the  acoustic  emis¬ 
sions  of  jet  engine  ground  run-up  test 
facilities  (Hush  Houses).  This  effort  has 
continued  in  1985  and  1986  with  analysis 
of  data  taken  at  Tmke  AFB  in  late  1984. 
AFGL  has  been  able  to  identify  the  loca¬ 
tion  of  an  equivalent  monopole  acoustic 
source  directly  over  the  Hush  House  ex¬ 
haust  deflector.  This  is  a  major  accom¬ 
plishment  in  establishing  a  pre-construc¬ 
tion  forecast  technique  for  estimation  of 
vibro-acoustic  environment  degradation  in 
nearby  structures  due  to  Hush  House 
operations.  In  October,  1986,  additional 
field  studies  were  completed  at  Ft.  Smith, 
Arkansas,  relating  to  this  problem.  Pre¬ 
liminary  data  reduction  was  begun  on 
these  data  in  1986. 

As  an  In-House  sponsored  project,  the 
Solid  Earth  Geophysics  Branch  initiated  a 
study  for  the  detection  and  tracking  of 
low-flying  aircraft  using  seismo-acoustic 
means  (see  the  figure).  The  goal  of  this 
research  is  to  provide  a  passive  means  for 
the  detection  and  tracking  of  aircraft  and 
cruise  missiles  that,  for  various  reasons. 


Monitciriiin  the  Seismic-aenustic 
Knvironmeiil  (leiieraleci  hy  Overflitrhls  i)f 
l.ow-Level  .tireraft.  (Measurements  are 
used  t(i  develop  alternative  methods  to  radar 
for  the  deteetion  and  traekintr  of  low 
oliservahle  aircraft. I 

might  be  difficult  to  detect  using  conven¬ 
tional  methods  such  as  radar.  During  1986 
a  field  effort  was  conducted  to  establish  a 
data  base  for  this  study.  A  field  site  was 
selected  under  the  SAC  Low  Level  Train¬ 
ing  Route  at  La  Junta,  Colorado.  During 
October  1986,  seismic  and  acoustic  data 
w'ere  collected  at  the  site  to  establish 
ambient  noise  conditions  in  preparation 
for  the  full  field  effort. 

AFGL  has  also  begun  a  study  of  the 
seismo-acoustic  environment  generated  by 
a  Peacekeeper  missile  launch.  A  seismic 
and  acoustic  array  was  deployed  at  the 
Vandenberg  AFB  Peacekeeper  launch 
test  facility  late  in  1986  to  record  the 
environment  during  a  series  of  launches 
to  be  made  from  that  site  in  1987. 

Studies  W'ere  also  conducted  wdth  the 
goal  of  increasing  the  accuracy  of  large 
earthquake-motion  forecasts  for  specific 
sites  by  improved  analysis  techniques. 
Topics  being  studied  include  improving 
the  estimation  quality  of  static  to  dynamic 
elastic-moduli  variations  and  the  use  of 
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small  farihiiuakf  iiuiuoiis  Id  (iDlorniiiU' 
(li’Dt'trs  futK'tiotis  fnc  laf^'cr  (.'Vc'iUs.  This 
stiuly  was  rumpli'lDd  in  lllS(i. 

Comprehensive  Test  Ban  Verification: 

Tlif  Air  Kditd  is  responsilik'  for  providing: 
int’ormaliDii  for  the  xeririeatiun  of  treaties 
tlealiiiD  with  the  (tetonation  of  imder- 
^'■roiniil  niieiear  t‘\piosions.  The  |)rimarv 
treaties  in  effect  are  tlie  Liniited  Thresh- 
olii  Test  Han  Treaty  (TTHT),  nep'oliated 
witli  the  So\iet  I'nion  in  IdTd.  and  the 
Peaceful  Nuclear  Pxjdosion  Treaty 
(PNKTi.  signed  in  While  the  TTHT 

has  ne\ei'  heen  ratii'ied.  the  signatory 
countries  contend  to  abide  hv  tlu'  lot) 
kiloloti  upper  limit  imiiosed  for  the  yield 
of  nuclear  de\'ices. 

liesources  for  monitoring''  these  tretities 
are  se'snuc  networks,  surveillance  satt'l- 
lites,  saniplin.tr  of  radioactiv'.  'h'^'ris  and, 
potentially,  on-site  inspection  and  metis- 
urements.  Tlie  I )ep;irtnient  of  Defense 
conducts  resetirch  in  all  these  areas.  Cur¬ 
rently.  seismolo^rjea.l  te(‘hni(|Ues  are  tlie 
primary  means  of  detecting',  iliscriminat- 
inp'.  and  determining  the  loctUions  and 
yields  of  nucleiir  tests. 

In  suiiport  of  tlie  Air  Force  mission  t<,) 
verify  tretities.  tlie  Solid  Farth  (ieophysics 
Hranch  manages  tlie  Defense  Aihanced 
Ifesearch  Projects  Apency  (DARPA)  f’ro- 
pram  in  Nuclear  Test  Han  Verification 
P.asic  Research.  One  of  DARPA's  char¬ 
ters  is  to  jirovide  scientific  support  to  the 
arms  control  activities  id’  the  government. 
This  charter  complements  the  ofierationa! 
mission  of  the  Air  Force  to  verify  compli¬ 
ance  with  existinyr  arms  control  treaties. 
Any  verification  techni(|ue  used  hy  tlu'  Air 
Force  or  discussed  hy  statesmen  in  the 
course  of  treaty  negotiations  must  he 
hased  on  well  understood  and  demonsti’a- 
hle  [ihysical  principles.  D.ARPA  has,  for 
the  past  'Jo  years,  supported  a  program  in 


basic  research  to  improve  exislinp  seismic 
\erification  technicpies  and  develop  now 
ones.  AFCL  management  of  the  DARP.A 
))ropram  allows  for  coordination  of  pro¬ 
gram  objectives  with  Air  h’orce  re(|uire- 
ments,  and  intetrration  id’  btisic  research 
results  into  Air  Force  ojierations. 


COMMEHENSIVE  Tt£r  BAN 


.'Sc|.,^iiiic  \\  ;o  e.s  ( Jeiierateil  liy  .Sources 
('ontriliutin).''  to  Petectimi  .\niliijniities  I'oi' 

I  lil't'ereiuiatinp  .Nuclear  Kveiits  IVoni  Other 
.Seismic  .Sources.  (These  anihi.L'uities  are  the 
jirimarv  coui|ilicatint;  factors  iu  Test  Ban 
Treatv  iiepotiatioiis.) 

In  {general,  decidin>r  if  a  seismic  event 
Were  ffenerated  by  a  nuclear  explosion 
consists  of  three  distinct  problems:  detec¬ 
tion.  discrimination,  and  yield  determina¬ 
tion  (see  the  fixture).  The  detection  prob¬ 
lem  is  simply  detecting  that  an  event  has 
been  recorded.  This  c;in  he  made  difficult 
because  of  seismic  noise  frenenited  by 
cultural  and  natural  .sources  such  as  road¬ 
way  traffic  and  weather  fronts.  Discrimi¬ 
nation  of  the  event  involves  deciding  if  it 
is  an  earthtpiake.  chemical  blast,  or  nucle¬ 
ar  explosion.  This  aspect  of  the  problem 
can  be  difficult  because  a  chemical  explo¬ 
sion  detonated  in  a  rock  (juarry.  for  exam¬ 
ple.  can  look  very  similar  to  a  local  earth- 
(juake  and  may  even  resemble  a  small 


nuclear  explosion.  Determination  of  the 
yield  of  a  nuclear  event  is  the  last  step;  it 
is  a  function  of  seismic  wave  aniplitude. 
This  portion  of  the  overall  problem  is  not 
straightforward  because  the  amplitudes 
of  the  seismic  waves  generated  at  one  test 
site  may  differ  substantially  from  those  at 
another  test  site.  Therefore,  it  is  not 
always  possible  to  use  yield/magn'i.ude 
relations  interchangeably  from  one  test 
site  to  another. 

The  technical  basis  for  monitoring  un¬ 
derground  nuclear  explosions  has  not 
changed  significantly  in  the  past  few 
years.  However,  as  a  result  of  the  re¬ 
search  performed  in  the  AFGL/DARPA 
program,  a  more  complete  understanding 
of  the  physics  of  .seismic  sources,  the 
effects  of  path  variations  on  .seismic  wave 
propagation,  and  anomalous  shear-wave 
generation  by  underground  nuclear  explo¬ 
sions  has  been  made  possible. 

The  focus  of  research  performed  to  date 
has  been  to  improve  the  capabilities  of  the 
United  States  to  monitor  underground 
explosions  from  long  ranges  (teleseismi- 
cally).  Teleseismic  ranges  are  generally 
defined  as  greater  than  2000  km.  As  a 
result  of  the  Comprehensive  Test  Ban 
Treaty  (CTBT)  talks  of  1977-1980,  an 
agreement  in  principle  exists  to  establish 
seismic  stations  in  the  Soviet  Union.  Be¬ 
cause  of  this  agreement,  program  re¬ 
search  objectives  have  shifted  toward  de¬ 
veloping  methods  to  monitor  a  CTBT  at 
regional  distances  (less  than  2000  km). 
While  signals  recorded  at  these  shorter 
distances  are  extremely  complicated,  they 
can,  probably,  be  used  to  detect  cApIooions 
of  very  small  magnitude.  In  a  CTBT 
scenario,  detonations  of  all  nuclear  de¬ 
vices  will  be  prohibited  and  presumably 
seismic  stations  will  be  placed  at  regional 
distances  from  test  sites.  Therefore,  the 
verification  problem  reduces  to  that  of 


identification  and  discrimination  at  region¬ 
al  distances  from  a  suspected  event. 

The  focus  of  the  Ah'GL/DARPA  pro¬ 
gram  is  now  being  redirected  to  regional 
seismology  in  an  effort  to  develop  tech¬ 
niques  for  analyzing  shorter  period  data 
and  developing  regional  discrimination 
methods. 
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AFGDTR-85-0133  (8  May  1985),  ADA162192 


Iliff,  R,L.,  and  Sands,  R.W.,  MSgt. 

The  AFGL  Absolute  Gravity  System's  Error 
Budget  Revisited 

AFGl^TR-8.5-0102  (8  May  1985),  ADA162230 


Johnston,  J.C. 

Simulating  a  Large  Wasatch  Front,  Utah, 
Earthquake  Using  Small  Earthquake 
Recordings  as  a  Green’s  Function 
AFGL-TR-86-0120  (28  May  1986),  ADA175203 


LaZAREWICZ,  A.R.,  SCHILINSKI,  B.J., 
CowiE,  R.J.,  Rice,  C.L.  (AFGL);  Moss, 
P.  and  Carter,  L.N.  (Bedford 
Research  Assoc.,  Bedford,  MA) 
Balloon-Borne,  High-Altitude  Gravimetry 
AFGL-TR-85-0342  (31  December  1985), 
ADA169942 


PoHLiG.  K.O.,  ILt,  and  Kirchoff,  S. 
Design  of  the  AFGL  Prototype  Long  Baseline 
Tilt  meter 

AFGL-TR-85-0196  (29  August  1985),  ADA169132 


CONTRACTOR  PUBLICATIONS 
JANUARY,  1985  -  DECEMBER,  1986 


Abbot,  R.L,  Bock,  Y.,  Counselman, 
C.C.,  King,  R.W.,  Gogrevitch,  S.A., 
and  Rosen,  B.J,  (Massachusetts  Inst, 
of  Tech.,  Cambridge,  MA) 

Interferometric  Determination  of  GPS  Satellite 
Orbits 

Proc.  1st  Internal.  Symp,  on  Precise  Positioning 
with  the  Global  Positioning  System  (15-19  April 
1985) 


Bock,  Y.,  Abbot,  R.I.,  Counselman, 
C.C.,  Goure''’TCH,  S.A.,  and  King, 
R.W.  (Massachusetts  Inst,  of  Tech., 
Cambridge,  MA) 

Establishment  of  Three-Dimensional  Geodetic 
Control  by  Interferometry  with  the  Global 
Positioning  System 
J.  Geophys.  Res.  90  (10  August  1985) 


Bock,  Y.,  Abbot,  R.I.,  Counselman, 
C.C.,  King,  R.W.,  and  Gourevitch, 
S.A.  (Massachusetts  Inst,  of  Tech., 
Cambridge,  MA) 

Three  Dimensional  Geodetic  Control  by 
Interferometry  with  GPS:  Processing  of  GPS 
Phase  Observables 

Proc.  1st  Internal.  Symp.  on  Precise  Positioning 
with  the  Global  Positioning  System  (15-19  April 
1985) 
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Morcan,  P.J..  Kisi;,  R.W.,  and 
Shapmro,  1. 1.  (Massachu^^etts  Inst,  of 
Tech.,  Can  bridgo,  MA) 

Length  of  Day  and  At niosphcmc  AngiiUw 
Munientuin:  .4  Conipari^ion  foi'  UlSl  IhS.I 
J.  of  t'leoi.iiys.  Res.  !•(!  (10  liocembor  lOSo) 

ViDALK,  J..  Hkl.mbrrukr,  D.,  and 
Clayton.  R.  (California  Inst,  of  Tech., 
Pasadena,  CA) 

Finitc-Diffcn'ncr  Si  isniograins  for  SH  llVii'c.s 
Bull.  Soismolojrical  Soc.  of  .Am.  t.o  (Docomber 
lOSf,) 


CONTRACTOR  PRESENTATIONS 
JANUARY,  1985  -  DECEMBER,  1986 

Mkrknyi,  R,C.,  Brzkzowski,  S.J.,  and 
Hkllkr,  W.G,  (Analytic  Sciences  Corp,, 
Reading,  MA) 

Radio  Intcrfcrowrtry  in  a  Moring-Hasr 
Application 

First  Iiiti'rnat,  Symp.  on  Precise  Positioning  with 
the  GloliitI  Positioning  System,  Rockville.  MD  (15- 
10  April  lOS.'.) 


CONTRACTOR  TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 

Apskl,  R.J.,  Mkllman,  G.R.,  and 
Wo.NG,  P.C.  (Sierra  Geophy.sics,  Inc., 
Redmond,  WA) 

Thrce-Dinicnsional  Ware  Propagation  I’ning 
Boundary  Integral  Equation  Terhniquis 
AF(;i^TR.S.V024.o  (September  liW.o),  ADAlfillOS 

Bachk,  T.C.,  and  Blt.A'rr,  S.R.  (Science 
Applications  International  Corp.,  San 
Diego,  CA) 

Hi(jh  FreqiiCtiry  Warr  Attrnuafioti  rnid 
'')egr(i(iafiori  of  Drtccfiofi  ('apahHify  by  IjOrgc 
Ed  f'thqnakes 

I  (T)  Srj>t*‘tnhrr  HtSf)).  ADA 


Bakkr,  T.F..  Eikik,  R.J.,  and  Jf.ffriks, 
G.  (Bidston  Obs.,  Birkenhead.  UK) 

High  Precision  Tidal  Gravity 
.AhX:L-TR-8.>020:i  (20  .June  lOS.-,).  AI)Al(iO(iT(i 

Barkkr,  J.S..  Bi  rdr'k,  L.J.,  and 
W.ALL.ACK,  T.C.  (Woodward-Clyde 

Consultants,  Pasadena,  CA) 

Analysis  of  Xear-Field  Seismic  Warefonns  from 
Fndcrg round  Xuetear  Explosions 
.AF(!L-TR-85-0:i21  (l.o  September  lliS.o). 

.Al)Al(;.'>227 


Barkkr,  J.S.,  Bi  rgkr,  R.W.,  Bi  rdick, 
L.J.,  and  Lay,  T.  (Woodward-Clyde 
Consultants,  Pasadena,  CA) 

Inrvrsion  for  Source  Parameters  of 
I'nderground  Xuelear  Explosions  leith 
Implications  for  Yield  Estimation 
AFGLTR-86-0142  (l.o  March  11)80),  AD.AITIOOJ 


Blaha,  G.  (Nova  Univ.  Oceanographic 
Ctr,,  Dania,  FL) 

Detailed  Spherical-Harmonic  Representa'.on  of 
the  Earth's  Graeity  Field  and  Tidal  Effects 
from  Altimetric  Adjustments 
.AFGL-TR-8.>()0T6  (February  11)8.7),  .ADA10041!) 

Brzfzowski,  S.J.  (Analytic  Sciences 
Corp.,  Reading,  MA) 

Gravity  Gradiometer  Surrey  Errors 
AFGL-TR-8rvOO(ifi  (March  1085).  ADAlti5.575 

Brzfzowski,  S.J.,  and  Mfrenyi,  R.C. 
(The  Analytic  Sciences  Corp.,  Reading, 
MA) 

Aided-Airborne  Grarily  Gradiometer  Survey 
System  (GGSS)  Study:  Final  Report 
.AFGI,-TR.8(;-()()59  (March  1086).  ADA170749 


Cfntfr,  C.J.  (Boston  Coll.,  Newton, 
MA) 

System  Level  Programming  of  the  Preston 
Scientifir  Analog  to  Digital  ('onrerter  on  the 
LSLU'FI  Bus 

AFGI,-TR-8r>-((2()5  (29  August  198(i),  Ar)A1755ll 
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Chao,  D.,  and  Baker,  E.M.  (The  Ohio 
St.  Univ.,  Columbus,  OH) 

A  study  of  the  Optimizatioti  Problem  for 
Calibrating  a  Lacoste  and  Romberg  “G" 
Gravity  Meter  to  Determine  Circular  Errors 
AFGI^TR-85-0208  (September  1985),  ADA  165218 


Clayton,  R.W.,  Harkrider,  D.G.,  and 
Helmberger,  D.V.  (California  Inst,  of 
Tech.,  Pasadena,  CA) 

Body  and  Surface  H'nre  Modeling  of  Observed 
Seismic  Events 

AFGL-TR-86-002I  (22  .January  1986).  AI)A1694i:j 


Cormier,  V.F.  (Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA) 

Teleseismic  Waveform  Modeling  Incorporating 
the  Effects  of  Known  Three-Dimensional 
Structure  Beneath  the  Nevada  Test  Site 
AFGDTR-8.5-0264  (I)  (22  October  1985), 
ADA16644a 

Teleseismic  Waveform  Modeling  Incorporating 
the  Effects  of  Known  Three-Dimensional 
Structure  Beneath  the  Nevada  Test  Site 
AFGL-TR-86-0081  (II)  (14  April  1986),  ADA169965 


Crowley,  F.A.  (Boston  Coll.,  Newton, 
MA) 

Acoustic  Forecast  for  Shuttle  Launches  at 
Vandenberg  AFB 

AFGI^TR-85-0335  (13  November  198.5), 

ADA  162862 


Cruz,  J.Y.  (The  Ohio  St.  Univ., 
Columbus,  OH) 

Disturbance  Vector  in  Space  from  Surface 
Gravity  Anomalies  Using  Complementary 
Models 

AFGL-TR-85-0209  (August  1985),  ADA166730 
Ellipsoidal  Corrections  to  Potential  Coefficients 
Obtained  f  \m  Gravity  Anomaly  Data  on  the 
Ellipsoid 

AFGL-TR-86-0178  (Augu.st  1986),  ADA176901 


Dainty,  A.M.  (Georgia  Tech.  Research 
Inst.,  Atlanta,  GA) 

Coda  Observed  at  NORSAR  and  NORESS 
AP’GL-TR-8.5-0199  (20  Augu.st  1985).  ADAl(i6454 


Dainty,  A.M.  and  Tok.soz,  M.N. 
(Massachusetts  Inst,  of  Tech., 
Cambridge,  MA) 

Influence  of  Scattering  on  Seismic  HViic.s 
AFGI^TR-8fi-()218  (21  October  1986).  ADA  179175 


Davis,  J.L.  (Harvard  Coll.,  Obs., 
Cambridge,  MA) 

Atmospheric  Propagation  Effects  on  Radio 
Interfero  metry 

AFGL-TR-86-0243  (April  1986),  ADA  178405 


DeBra,  D.,  and  Breakwell,  J. 
(Stanford  Univ.,  Stanford,  CA) 

Study  to  Develop  Use  of  Gravity  Gradiometers 
in  Gravity  Mapping 

AFGL-TR-86-0166  (February  1986),  ADA179611 


Eckhardt,  R.J.  (OPHIR  Corp,. 
Lakewood,  CO) 

A  Sensitivity  Study  of  a  One-Dimensional 
Time-Dependent  Warm  Cumulus  Cloud  Model 
AFGL-TR-85-0331  (September  1985),  ADA170141 


Elgin,  J.B.,  and  Duff,  J.W.  (Spectral 
Sciences,  Inc.,  Burlington,  MA) 

A  Monte  Carlo  Description  of  the  Sampliyig  of 
Stratospheric  Ion  Clusters  Via  a  Mass 
Spectrometer 

AFGI^TR-85-0319  (October  1985  ),  ADA168523 


Fabian,  W.  (Analog  Modules,  Inc., 
Longwood,  FL) 

Very  Short  Baseline  Measurement  System 
AFGL-TR-85-0081  (1  March  1985),  ADA1692.58 


Currie,  D.G.,  and  Wellnitz,  D.D. 

(Univ.  of  Maryland,  College  Park,  MD) 
On  Two  Color  and  CCD  Methods  for  the 
Determination  of  Astronomic  Position 
AFGI^TR-86-0111  (14  March  1986),  ADA174088 


Freeden,  W.  (The  Ohio  St.  Univ., 
Columbus,  OH) 

Computation  of  Spherical  Harmonics  and 
Approximation  by  Spherical  Harmonic 
Expansions 

AFGI^TR-8.5-0063  (February  1985).  ADA160445 
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Hki.lkk,  VV.G.,  and  Shipp,  R.F. 

(Analytic  Sciences,  Corp.,  Reading,  MA) 

Airbonw  (', rarity  G radioim'tcr  Surrey  Systrui 
Aided  by  a  High-Aeeuraey  Muster  Inertial 
Su  nya t io n  S yste ni 

AF(;i.-TR-S:>-lill;i  (11  .May  P)S4),  .AD.A  1.55.525 

Hki,mbkr(;i:k,  D.V.,  H.arkridkr,  D.G., 
and  Ci..\YT()N,  R.VV.  (California  Inst,  of 
Tech.,  Pasadena,  CA) 

Interaction  of  Seisinie  UVirc.s  with  ('oniplej' 
Struetn  res 

.\F(;L-TR-S.5-ii12;i  iJI  .May  19851,  .\ D .-t  1  (id?  1 5 

Hfr.m.\.\n,  R.B.  (St.  Louis  I’niv.,  St. 
Louis,  MG) 

Ly  UVirc  E.rritulion  and  Propugution  in 
Presence  of  One-.  Two-,  and  Three-  Di mensional 
Ileteroyeneities 

.AF(;L-TR-S(i-(I025  HI  (2?  .January  8(1),  .4[)..M(i90(i4 
Lg  UVnc  E.reitalion  and  Propagation  in 
Presence  of  One-.  Two-,  and  Three-  Dimensional 
Heterogeneities 

.■\F(;i,-TR.8(i-(ll)2(i  (III  (1  Ffhruarv  1980), 

109:125 

I.S.-t.AC.s,  R.G.,  W.A.VO,  W.  C.,  WOR.SH.A.M, 
R.D..  and  Goi.df.nhfro,  S. 

(Atmospheric  and  Environmental 
Research,  Inc,,  Cambridge,  MA) 

Multiple  Scattering  Treatment  for  Use  in  the 
I.OWTRAX  and  EASCODE  Models 
.AF(;i,-TR-8t)-007:l  (7  .April  198(i|,  AD. A  17:1990 

Joses,  G.M.,  and  Mchphv,  V.J. 

(Weston  Geophysical  Corp.,  Westboro, 
MA) 

.S( i»M( Rifl'd  Ground  Response  ('sing  .Son-Linear 
Elastic  .Moduli 

AF(;i.-TR-H,5-il()(15  (15  March  1985),  ADAl(i()590 

Jordan,  T.H.  (Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA) 

Inrestigations  of  Eurasian  Seisniir  .So i; rri’.s  and 

I'piier  Mantle  Strnetnre 

AF(;i>-TR-.^.5-020d  CIO  .June  1985),  .AD.A1(;.5228 

Kro,  J.T.,  and  Tkno,  Y.-C.  (Columbia 
I'niv.,  New  York,  NY) 

(jrf)inifl  Rvspoffsr  in  Allnnal  Due  to 

Seisftne  [)}sfn  rho  fires: 

AVi'.l/nixryimvI  (March  AI)AH;::i4(;7 


McEvildy,  T.V.,  Johnson,  L.R.  (Univ. 
of  California,  Berkeley,  CA) 

Regional  Studies  with  Broadband  Data 
AR:L-TR-8fi-0124  (ti  June  1986),  ADA  172817 

Nittij,  O.W.,  Mitchell,  B.J.,  and 
Hwano,  H.J.  (St.  Louis  Univ.,  St. 
Louis,  MO) 

Attenuation  of  Seismic  H'nr<'.s  at  Regional 
Dista  nces 

AFGL-TR-8.5-»18,5  (L5  August  1985),  ADA164617 

Rapp,  R.H.  (The  Ohio  St.  Univ., 
Columbus,  OH) 

Detailed  Gravity  Anomalies  and  Sea  Surface 
Heights  Derived  from  GEOS-.i/SEASAT 
Altimeter  Data 

AFGL-TR.8.5-0191  (August  198,5).  ADA166.59:J 
The  Study  of  Gravity  Field  Estimation 
Pvoced  lives 

.AFGLTR-85-()278  (September  1985).  ADA164564 

Shapiro,  LI.  (Harvard  Coll.,  Obs., 
Cambridge,  MA) 

Research  in  Geodesy  and  Geophysics  Based 
Upon  Radio  Interferometric  Observations  of 
Extvagalactic  Radio  Sources 
AFGLTR-86-02:J4  (October  1986),  ADA  177527 


Simpson,  D.W.  (Columbia  Univ,, 
Palisades,  NY) 

Synthetic  Seismograms,  Graphic  Software  and 
Computer  Facilities 

AFGLTR-8.5-0;l06  (.May  1985),  ADAIHOSI? 


Stevens,  J.L.  (S-Cubed,  La  Jolla,  CA) 

Estimation  of  Scalar  .Moments  from  Explosion- 
Generated  Surface  Ware.'! 

AFGLTR-85-0()97  (April  1985),  ADA  160:127 


SuNKEL,  H.  (The  Ohio  St.  Univ., 
Columbus,  OH) 

On  The  Reduction  of  Gravity  Data  for  the 
Prediction  of  the  Gravity  Disturbance  Vector 
at  .Altitudes 

AFGLTR-8.5-0084  (July  1984),  ADA160:i.58 

An  Isoslatic  Earth  Model 

AFGI^TR-85-02:i9  (September  1985),  A  DA  164608 


SzABO,  B.  (The  Ohio  St.  Univ., 
Columbus,  OH) 

The  Estimation  of  the  Earth's  Gravity  Field 
AFGL-TR-86-0125  (June  1986),  ADA  172177 


Toksoz,  M.N.,  Dainty,  A.M.,  and 
Charrette,  E.E.  (Massachusetts  Inst, 
of  Tech.,  Cambridge,  MA) 

Development  of  Ultrasonic  Modelling 
Techniques  for  the  Study  of  Seismic  IFai’e 
Scattering  Due  to  Crustal  Inhovnogeneities 
AFGL-TR-86-0078  (March  1986),  ADA170062 


UoTiLA,  U.A.  (The  Ohio  St.  Univ., 
Columbus,  OH) 

Theoretical  Studies  on  Determinations, 
Predictions,  and  Accuracies  of  Geodetic 
Parameters  and  Gravimetric  Quantities 
AFGL-TR-86-0097  (May  1986),  ADA170846 

White,  J.V.  (Analytic  Sciences  Corp., 
Reading,  MA) 

A  Statistical  Gravity  Model  for  Northern  Texas 
AFGL-TR-85-0037  (19  November  1984), 

ADA160474 

WoJClK,  G.L.,  and  Mak,  R.  (Weidlinger 
Assoc.,  Palo  Alto,  CA) 

A  Numerical  Study  of  Diffraction  in  Reentrant 
Geologic  Structure 

AFGL-TR-8,5-0158  (1.5  July  1985),  ADA1G8562 


VIII  AEROSPACE 

ENGINEERING  DIVISION 


The  Aerospace  Engineering  Division 
supports  other  divisions  of  AFGL  by  pro¬ 
viding  probe-vehicle  systems,  balloons, 
and  sounding  rockets  to  carry  the  instru¬ 
ments  that  gather  data  for  scientists  in 
their  studies  of  the  environment.  Our 
engineers  also  manage  Laboratory-initiat¬ 
ed  experiments  to  be  flown  on  satellites  of 
the  Air  Force  Space  Test  Program,  includ¬ 
ing  the  space  shuttle. 

To  provide  modern,  efficient  probe-vehi¬ 
cle  systems,  the  Division  conducts  a  tech¬ 
nology  base  program  in  payload  design, 
telemetry  instrumentation  and  tech¬ 
niques,  tracking,  and  command  and  recov¬ 
ery  systems.  Fewer  payloads  are  being 
flown  than  in  the  past,  but  the  payloads 
are  more  complex.  Increased  emphasis 
has  also  been  placed  on  reliability.  Expen¬ 
sive  sensors  and  payloads  must  now  be 
recovered  and  reused.  Modern  solid-state 
sensors  have  an  almost  limitless  ability  to 
generate  data.  This  has  taxed  both  our 
airborne  and  ground  capability  to  transmit 
and  process  data.  Faster,  more  efficient 
data-handling  is  therefore  a  major  thrust 
of  our  technology  base  program. 

We  can  conduct  rocket  and  balloon 
flights  from  anywhere  in  the  world.  A 
majority,  however,  are  flown  from  White 
Sands  Missile  Range,  New  Mexico,  where 
restricted  air  space,  optical  tracking,  pre- 


cision  radar,  and  excellent  conditions  for 
[tayload  recovery  are  available.  Rockets 
are  launched  from  a  Navy  facility  at 
White  Sands  Missile  Ranjte  shared  with 
other  users.  Balloons  are  launched  from  a 
permanent  balloon-launch  facility  at  Hol¬ 
loman  AFB,  within  White  Sands  Missile 
Range,  manned  by  .AFGL  Detachment  1. 

BALLOON  PROGRAM 

The  Aerospace  Fngineering  Division  de¬ 
signs  and  develops  completely  instru¬ 
mented.  large  balloon  systems  for  in-situ 
measurements  in  the  stratosphere  and 
conducts  developmental  tests  of  instru¬ 
ments  intended  for  space  operations.  The 
experimenters  are  scientists  from  the  oth¬ 
er  AFGL  divisions.  Systems  Command, 
agencies  in  the  Department  of  Defense, 
and  other  government  agencies. 

The  balloon  program  manager  and  as¬ 
signed  project  officer  work  closely  with 
the  scientific  investigators  from  the  incep¬ 
tion  of  a  balloonborne  experiment.  Their 
collaboration  ensures  that  all  components 
of  the  payload  will  be  environmentally 
suitable,  and  the  balloon  instrumentation 
will  in  fact  provide  the  electrical  power 
budget,  data-handling  capability,  radio¬ 
command  facilities,  flight  trajectory,  and 
payload-recovery  operations  required  to 
fulfill  the  experimental  objectives. 

Mammoth  free-balloon  systems,  unlike 
other  atmospheric  probes,  ascend  slowly, 
typically  900  feet  per  minute,  and  can 
remain  aloft  for  hours,  or  even  days  if  .so 
designed.  Payloads  can  be  almost  any  size 
or  shape  that  can  be  handled  at  the  launch 
site.  Instruments  can  be  reeled  down,  and 
up  again,  thousands  of  meters  below  the 
balloon  whenever  the  investigator  so  com¬ 
mands.  Small  packages  or  individual  sen¬ 
sors  can  be  placed  on  top  of  the  balloon. 


Many  AFGL  flights  are  launched  from 
our  Balloon  Facility  at  Holloman  AFB. 
Our  mobile  facilities  are  used  to  launch 
from  remote  locations,  or  from  strategi¬ 
cally-located  off-base  sites  chosen  so  that 
the  local  wind  fields  carry  the  balloon 
directly  over  a  designated  test  area. 

Microelectronics  and  today’s  computer 
technology  have  vastly  improved  the  op¬ 
tions  available  to  balloon  experimenters. 
Heavy,  delicate,  complex  instruments  are 
being  flown  and  recovered  for  reuse. 
While  a  flight  is  in  progress,  selected  data 
are  reduced  immediately  and  displayed  at 
the  control  center  for  quick-look  appraisal 
in  whatever  format  the  experimenter  has 
specified.  Up  to  several  hundred  interfer¬ 
ence-free  radio  commands  are  available  to 
alter  or  manipulate  the  experimental  pay- 
load.  AFGL  is  exploiting  these  capabilities 
by  flying  innovative  payloads  to  obtain 
first-time  measurements  having  immedi¬ 
ate  applications  to  scientific  and  military 
needs,  as  indicated  below. 

Airborne  Low  Frequency  Atmospher¬ 
ic  Noise  (ALFAN):  The  Rome  Air  Develop¬ 
ment  Center's  balloonborne  low-frequen¬ 
cy  noise  experiment  carries  an  antenna 
system  to  measure  low-frequency  noise 
that  interferes  with  longwave  communica¬ 
tions  (see  the  figure).  These  measure¬ 
ments  were  made  during  periods  of  local 
lightning  activity.  During  a  successful 
flight  in  1986  from  Roswell,  New  Mexico, 
noise  data  were  collected  from  several 
different  directions. 

Balloonborne  Gravity  Measurements: 

At  high  altitudes,  values  of  acceleration 
due  to  gravity  are  estimated  from  models 
having  unverified  accuracies.  This  defi¬ 
ciency  can  contribute  to  significant  missile 
guidance  errors.  The  Earth  Sciences  Divi¬ 
sion’s  Balloonborne  Gravity  Measure- 
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Airborne  Lo\v-Frei|uetK'y  Atmospheric 
Noise  (AI-FANi  Fxperiment  on  Pud  before 
l.aunch, 

ments  program  continued  with  a  measure¬ 
ments  flight  in  October,  1985.  Incorporat¬ 
ed  in  this  1815  pound  payload  were  a 
V'ibrating  String  Accelerometer  and  a 
Global  Positioning  Satellite  (GPS)  receiv¬ 
er.  The  new  data  acquired  should  lead  to 
significant  reductions  in  the  miss  errors 
on  the  test  range  or  at  operational  missile 
launch  sites. 

Balloon  Film:  The  Aerospace  Engineer¬ 
ing  Division  has  continued  support  for  the 
development  and  testing  of  a  new  balloon 
film.  A  full-scale  balloon,  2.9x10*'  ft'*, 
made  from  Astrofilm  C  was  tested  and 
failed  during  flight.  The  next  generation, 
Astrofilm  E,  was  test-flown  with  loads 
ranging  from  -50  percent  to  90  percent  of 
the  maximum  recommended  load.  These 
balloons  were  also  tested  for  rapid  rise 


and  unloading  characteristics.  All  Asiro- 
film  E  tests  were  completely  successful. 
During  the  flight  test  in  December  1986, 
balloon  dynamics  during  ascent  were  mon¬ 
itored  and  photographed  by  a  NASA  U-2 
aircraft. 


BIMS  Payload.  (Every  AFGL  balloon 
payload  undergoes  a  complete  final  checkout 
on  the  launch  pad  just  before  flight.) 

BIMS:  A  Balloon-borne  Ion  Mass  Spec¬ 
trometer,  developed  by  the  Ionospheric 
Physics  Division,  was  flown  from  the 
Balloon  Flight  Test  Facility  at  Holloman 
AFB  in  May  and  October,  1985  (see  the 
figure).  Data  were  collected  from  96,000 
ft  to  132,000  ft  altitudes  from  early  morn¬ 
ing  through  sunset.  These  data  provide 
information  on  the  ionic  conditions  in  a 
region  critical  to  the  understanding  and 
modeling  of  extremely  low  frequency  ra¬ 
dio  propagation. 


Denver  1,  11:  Two  infrared  sensinf^  plat¬ 
forms  were  flown  for  the  University  of 
Denver  under  the  sponsorship  of  the  Opti¬ 
cal  Physics  Division  (see  the  figure). 
These  efforts  collected  data  relevant  to 
aerosol  change  during  sunrise  and  sunset. 


Kestrel  Scenario.  iThe  scientific  payload 
iieneath  the  d.O  ■  10'  ft'  iialloon  is 

oliservintr  second  and  tliird  sta^e  ittnition  of 
an  K'BM.l 


KESTREL:  -An  experiment  flown  as  part 
of  the  Plume  Radiance  Observation  Ex¬ 
periment  (PROBE)  was  launched  from  the 
airstrip  at  Ramona,  California.  .A  o.O  s  10'’ 
ft'  balloon  carried  a  stabilized  pointing 
platform  to  90, ()()()  ft  (see  the  figure). 
From  this  altitude  solar  background  gain 
concepts  were  proved,  and  tracking  and 
pointing  hardware  were  ([ualified.  An  ar¬ 
ray  of  cameras  (infrared,  visual  and  ultra¬ 
violet)  were  mounted  on  the  optical  bench. 

Pathfinder:  This  .Aerospace  flngineer- 
ing  Division  development  was  used  opera¬ 
tionally  during  the  spring  and  summer  of 
19Sf).  Although  designed  for  the  192.000  ft 
region,  the  balloons  were  scaled  down 
from  144,000  to  .07,000  ft'  for  an  opera¬ 


tional  altitude  of  76,000  ft  to  provide  a 
ballistic  trace  for  the  Scribe  99  project. 

Scribe;  This  interferometer  experiment 
gathered  high-resolution  infrared  spectral 
measurements  from  stratospheric  levels. 
The  Optical  Physics  Division’s  instrument 
observed  absorption  and  emission  charac¬ 
teristics  along  the  horizontal  and  down¬ 
looking  atmospheric  paths  through  which 
long-range  target-detection  systems  must 
penetrate. 


SCRIBE  !)!)  Interferometer  Payload  Durinj; 
Test  Launclt  Run. 


Scribe  99:  The  Scribe  interferometer 
was  fitted  with  pointing  mirrors  to  ob¬ 
serve  a  ground-based  gas  plume  from  an 
altitude  of  76,000  ft.  This  flight,  launched 
from  Roswell  in  August,  1986,  was  re¬ 
quired  to  pass  over  a  predesignated 
ground  target.  Before  overflying  the  tar¬ 
get,  the  on-board  sensors  were  calibrated 
by  sighting  on  a  superheated  tethered  hot¬ 
air  balloon  located  upstream  from  the 
target  (see  the  figure).  Pointing  the  sen¬ 
sors  to  the  target  area  was  accomplished 
by  a  manually  operated  joy-stick. 


Tethered  Balloons:  The  Aerospace  En¬ 
gineering  Division  has  a  working  invento¬ 
ry  of  large  tethered  aerostats.  They  are 
regularly  used  for  atmospheric  measure¬ 
ments,  surveillance  exercises,  mounting 
targets  for  advanced  radar  and  weapons 
qualifications,  and  dropping  modules  to 
observe  their  performance  before  space 
operation.  The  Division  is  also  developing 
new,  dedicated  tethered  systems  for  spe¬ 
cial  military  applications.  These  new  sys¬ 
tems  use  computer-designed  aerostat 
shapes  that  fly  with  good  stability  in  very 
high  winds,  and  new  lightweight,  strong 
hull  materials  and  cables.  For  communica¬ 
tions  and  other  long-endurance  applica¬ 
tions  that  should  not  be  interrupted,  teth¬ 
er  cables  are  now  being  designed  to  incor¬ 
porate  an  electrical  conduit  that  delivers 
power  from  a  ground-based  source  up  to 
the  payload. 

Army  Missile  Command:  A  100,000  ft’ 
tethered  aerostat  and  its  associated  equip¬ 
ment  are  being  furnished  to  the  Army 
Missile  Command  for  a  classified  project. 
The  AFGL  balloon  crews  are  working 
with  the  Army  crews  to  provide  training 
in  tethered  operations  so  that  the  Army 
can  conduct  its  own  balloon  operations. 
The  balloon  is  tethered  at  7900  ft  above 
ground  level  for  this  operation. 

EXDRONE:  A  series  of  tethered  aero¬ 
stat  flights  were  conducted  during  Sep¬ 
tember,  1985,  in  support  of  the  Marine 
Corps  Education  and  Development  Cen¬ 
ter.  These  flights  were  conducted  from  a 
remote  desert  site  in  Utah  to  obtain  data 
on  the  effective  range  and  efficiency  of  a 
prototype  airborne  tactical  jammer. 

HY-WIRE:  This  NASA  experiment  to 
measure  electrical  potential  in  the  atmo¬ 
sphere  was  conducted  from  Holloman 
AFB,  New  Mexico,  simultaneously  with  a 


more  extensive  experiment  being  conduct¬ 
ed  from  Fort  Greeley,  Alaska.  The  Aero¬ 
space  Engineering  Division  conducted  the 
CONUS  effort  while  a  NASA  crew  did  the 
Alaskan  one.  On  both  experiments,  long 
wire  conductors  were  held  aloft  by  teth¬ 
ered  balloons.  During  the  first  field  effort, 
the  mission  success  criterion  was  met  by 
making  twenty  hours  of  simultaneous 
comparative  measurements. 

ILC  Tether  Test:  A  new  45,000  fU 
tethered  aerostat  was  flight-tested  by  the 
Aerospace  Engineering  Division  at  SCAT 
site  located  on  the  White  Sands  Missile 
Range.  This  aerostat  uses  blowers  rather 
than  ram  air  to  maintain  inflation  of  the 
ballonet  and  tail  fins.  Materials  develop¬ 
ment  has  resulted  in  a  stronger  and  ligiit- 
er  hull  fabric,  which  substantially  reduces 
the  balloon  instability  characteristics  com¬ 
pared  with  other  designs  currently  in  the 
inventory.  This  increased  stability  will 
greatly  enhance  our  capacity  to  conduct 
the  Optical  Physics  Division’s  lidar  experi¬ 
ment  on  a  tethered  balloon.  The  demands 
on  the  pointing  control  are  greatly  re¬ 
duced. 

SR-HIT:  AFGL  flew  a  100,000  ft’  teth¬ 
ered  aerostat  carrying  a  missile  target  on 
the  White  Sands  Missile  Range  for  the 
U.S.  Army’s  Small  Radar  Homing  Inter¬ 
cept  Program  to  a  record  altitude  of 
21,120  ft  MSL.  The  48  inch  diameter 
spherical  target,  suspended  in-line  900 
meters  below  the  balloon,  had  to  remain 
positioned  within  a  prescribed  intercept 
scoring  box  at  12,000  ft  above  the  ground. 
This  was  accomplished  by  using  a  modi¬ 
fied  M47  Patton  tank  as  the  tether  ground 
anchor  and  moving  the  tank  as  required  to 
compensate  for  changes  in  the  wind  direc¬ 
tion.  In  the  live  test,  a  direct  hit  was 
scored  on  the  target,  which  severed  the 


rs  Army  Small  Raiiar  Humintr  Inlfricpt  Tt'chnolojry  (SR-HIT)  Program  Scenario, 


lialloon  tether  line  (see  the  fijrure).  Safety 
(|uiek-(ieflate  devices  brouR-ht  the  balloon 
down  within  the  ran^e  boundtiries. 

TAAP;  The  Tethered  Aerostat  Antenna 
Program,  condueted  for  the  Defense  Com¬ 
munications  .Xtrency,  moved  out  of  the 
initial  testing.  Phase  I,  into  Phase  II,  test 
planninyr  for  sy.stem  performance,  sclied- 
ulefl  for  testing  in  1S)S7.  This  demonstra¬ 
tion  system  is  intended  for  rtipid  de[)loy- 
ment  under  sii7iulated  po.st-attack  condi¬ 
tions.  The  T.-\.AP  system  is  currently  un- 
derp-oin^;  a  nundier  of  enjrineeritiK  modifi¬ 


cations,  including  the  installation  of  a  new 
2oW  vlf  transmitter. 

Balloon  Systems  Development:  Dur¬ 
ing  1985-86  the  Aerospace  Engineering 
Division  continued  in-house  studies  and 
hardware  development  to  modernize  and 
improve  balloon  instrumentation  and  vehi¬ 
cle  capabilities.  The  multiple-address  digi¬ 
tal  command  system  was  upgraded  to 
provide  950  commands  secure  from  inter¬ 
ference,  which  produces  false  commands. 
It  has  independent  address  and  status 
verification  and  is  operable  with  every  hf, 


uhf,  and  vhf  radio  frequency  assigned  to 
AF''GL.  A  payload  motions  package  con¬ 
tains  sensitive  three-axis  gyros  and  accel¬ 
erometers  to  measure  the  very  small  rota¬ 
tions  and  v'ibrations  of  gondolas  carrying 
orientation  or  rate-sensitive  instruments. 
The  data  are  also  needed  for  designing 
pointing  controls  and  stabilized  platforms. 

Work  is  in  progress  to  develop  a  balloon 
tracking  system  based  on  the  multi-satel¬ 
lite  Global  Positioning  System.  By  inter¬ 
facing  an  on-board  GPS  receiver  with  our 
balloonborne  telemetry  system,  position, 
velocity  and  GPS  time  measurements  will 
be  down-linked,  displayed,  and  recorded  at 
AFGL  ground  stations.  This  tracking  sys¬ 
tem  will  provide  accurate  tracking  data 
anywhere  in  the  world. 

The  tracking  and  communications  sys¬ 
tem  used  aboard  the  chase  aircraft  was 
upgraded  to  proviae  more  reliable  commu¬ 
nications  transmitted  from  a  small  air¬ 
craft. 

For  the  gravity  project,  a  slipring  as- 
.sembly  was  developed  which  decouples 
the  balloon  motions  from  the  gondola. 
This  decoupling  provides  a  quieter  and 
more  stable  platform  for  the  "-ensitive 
measurements  required. 

A  new  ballast-valve  assembly  was  de¬ 
veloped  which  reduces  the  power  require¬ 
ments  for  ballasting  by  a  factor  of  fifteen. 
This  valve  is  now  used  routinely  on  AFGL 
balloon  flights. 

SOUNDING  ROCKET  AND  SPACE 
SHUTTLE  PROGRAMS 

The  Aerospace  Engineering  Division  is 
responsible  for  the  development,  manage¬ 
ment,  and  launch  of  rocket-payload  sys¬ 
tems  for  AF’GL’s  resea^'ch  rocket  program 
and  for  the  integration  of  AF'GL  ex[)eri- 
ments  on  free-flying  and  shuttle-based 
spacecraft.  With  a  history  that  includes 


the  instrumenting  and  launching  of  more 
than  1000  sounding  rockets  since  194(),  the 
high  rate  of  successful  launches  contin¬ 
ues. 

In  this  time  period,  five  sounding  rock¬ 
ets  were  launched,  one  each  from  White 
Sands  Missile  Range,  New  Mexico,  and 
Poker  Fdat  Research  Range,  Alaska,  our 
normal  launch  sites.  One  vehicle  was 
launched  from  an  expeditionary  site  at 
Sondrestrom,  Greenland,  and  two  were 
launched  from  Natal,  Brazil.  F'our  pay- 
loads  are  in  fabrication  for  launch  in  1987 
and  four  others  are  in  design  for  launch  in 
later  years.  Many  of  our  current  efforts 
are  in  support  of  the  Strategic  Defense 
Initiative  i)rogram. 

We  continue  to  provide  support  to  ex¬ 
perimenters  by  selecting  launch  vehicles; 
designing,  fabricating,  and  integrating  ex¬ 
perimental  payloads;  conducting  test 
launch  operations;  and  providing  for  te¬ 
lemetry  and  trajectory  data  collection.  As 
scientific  requirements  lead  to  the  evolu¬ 
tion  of  more  sophisticated  payloads,  both 
the  size  and  complexity  of  payloads  con¬ 
tinue  to  increase.  Payloads  exceeding  2000 
pounds,  such  as  those  flown  on  Aries  type 
rockets,  have  become  routine.  Increased 
data-handling  requirements  have  led  to 
the  use  of  computer-based  technology  in 
both  airborne  and  ground-based  support 
systems.  The  need  to  continually  advance 
the  state-of-the-art  of  rocket  instrumenta¬ 
tion  has  required  a  corresponding  empha¬ 
sis  on  our  in-house  engineering  develop¬ 
ment  program.  Research  has  continued  in 
the  areas  of  micro-processor-based  adap¬ 
tive  telemetry  systems,  intelligent  data- 
processor  systems,  and  command  and  con¬ 
trol  systems. 

HARP:  The  Fligh  Altitude  Recovery  Pro¬ 
gram  (HARP)  was  a  project  in  cooperation 
with  the  Brazilian  Air  F''orce  to  develop. 


Hij^h  Altitude  Recovery  F’ro(;ram  S()N[)A 
IV'  Rocket  Vehicle  in  N'atal,  Brazil. 

test,  and  flitrht-qualify  a  low-cost  water- 
recovery  system  with  a  large  payload  and 
a  high-altitude  capability.  The  concept  uti¬ 
lized  aerodynamic  braking  by  appropriate¬ 
ly  positioning  the  center  of  gravity  of  the 
reentry  body  so  that  a  standard  recovery 
system  could  be  safely  deployed.  For  wa¬ 
ter  recovery,  a  flotation  bag  carrying  a 
dye  marker,  radio  beacon,  and  strobe 
lights  was  inflated  with  cold  gas  at  main 
chute  deployment.  On  November  19,  198o, 
HARP  was  launched  aboard  a  SONDA 
rocket  from  Natal,  Brazil  (see  the  figure). 
The  system  successfully  floated  the  7.'j0  lb 
payload,  which  entered  the  water  from  an 
apogee  of  dhd.d  km. 


Polar  lonos(>hor\e  lrr"jfularivies  Kxperimviil 
Field  Operations  at  Sondrestrom  .AFB. 
Oreenland  luiimch  Site. 

PIIE:  In  March  1985,  AFGL  flew  the 
highly  successful  Polar  Ionospheric  Irreg¬ 
ularities  Experiment  (PIIE)  payload  from 
Sondrestrom  Air  Base,  Greenland  (see  the 
figure).  This  payload  was  carried  aboard  a 
Terrier-Black  Brant  (BBIX)  sounding 
rocket  to  an  apogee  of  425  km  and  ac¬ 
quired  data  used  to  define  polar  cap  iono¬ 
spheric  structure  and  the  dynamics  of  a 
stable  auroral  arc.  The  AFGL  Airborne 
Ionospheric  Observatory  (C-135  aircraft) 
was  positioned  over  the  launch  site.  It 
evaluated  the  auroral  conditions  in-situ 
and  made  the  rocket  launch  decision.  The 
coordination  enabled  the  sounding  rocket 
payload  to  pierce  the  auroral  arc  above 
400  km. 

BERT:  The  BERT-1  (Beam  Emission 
Rocket  Test)  payload  was  successfully 
launched  from  White  Sands  Missile 
Range,  New  Mexico,  on  June  15,  1985.  A 
Nike  Black  Brant  (BBVII)  rocket  was 
used  to  launch  the  payload  to  an  altitude 
of  240  km.  BERT-1  was  a  mother/daugh¬ 
ter  payload  (see  the  figure).  The  mother 
(BERT)  consisted  of  five  sections  instru¬ 
mented  with  experiments  and  side-mount¬ 
ed  booms  and  sensors  for  conducting  elec¬ 
tron  beam  tests.  The  daughter  (ERNIE) 


Beam  Emission  Rocket  Test  Black  Brant  VII  Rocket  PayloarJ  (mother  portion  at  left;  ejected  daughter  Ernie  at 
right). 


(Ejected  Rocket  Nose  to  Measure  Induced 
Emission)  was  a  nose  cone  section  instru¬ 
mented  with  experiments  to  measure  in¬ 
duced  emissions.  The  BERT/ERNIE  pay- 
load  weighed  810  pounds,  measured  17.26 
inches  in  diameter  and  was  222  inches 
long.  The  payload  contained  one  separa¬ 
tion  system  used  to  eject  ERNIE  before 
initiation  of  despin.  Mother/daughter  sep¬ 
aration  occurred  at  an  altitude  of  110  km. 
BERT  and  ERNIE  had  independent  sys¬ 
tems.  Each  contained  power,  control, 
telemetry,  tracking,  and  electronic  sup¬ 
port  systems.  BERT  had  two  telemetry 
links  and  a  PCM  link  for  the  instruments 
and  housekeeping  data.  A  fiberglass  sec¬ 
tion  isolated  the  telemetry  section  from 
the  booster  ignitor  can.  Total  BERT 
weight  excluding  the  ignitor  can,  despin, 
and  destruct  system  was  652  pounds. 
ERNIE  weighed  158  pounds  and  was  96 
inches  long  from  nose  tip  to  the  Electron 


Density  Sensor  fully  extended  on  the  plat¬ 
form  mechanism.  An  FM/FM  telemetry 
system  was  used  for  ERNIE. 

Space  Shuttle  Systems:  Much  of  the 
work  in  the  Aerospace  Engineering  Divi¬ 
sion  is  now  in  space  shuttle  payload  sys¬ 
tems.  Because  of  the  unfortunate  Chal¬ 
lenger  accident  in  January,  1986,  however, 
scheduled  AFGL  missions  utilizing  this 
vehicle  were  on  hold.  The  CIRRIS  lA 
(Cryogenic  Infrared  Radiance  Instrumen¬ 
tation  for  Shuttle)  has  completed  exhaus¬ 
tive  space  simulation  testing  at  the  Jet 
Propulsion  Laboratory  and  most  of  the 
integration  activity  at  Lockheed  Missiles 
and  Space  Corporation.  It  has  been  re¬ 
turned  to  Utah  State  University,  where 
detailed  instrument  calibration  is  under¬ 
way. 

The  division  developed  for  Space  Divi¬ 
sion  a  generic  GAS  (Get  Away  Special) 
support  system  for  shuttle  experiments 
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umier  its  technology  base  program.  As 
part  of  that  effort,  in-house  personnel 
have  designed,  developed,  and  tested  a 
microprocessor  controller  and  data  stor¬ 
age  system  (st'e  the  figure).  These  sys¬ 
tems  ha\'e  been  integrated  into  their  first 
mission  application  im  VIPER  (Visual 
Plngonietric  E.\[ii'riment),  a  (IAS  project 
for  the  ()|)tical  Physics  Division. 

Significant  engineering  support  was 
also  provided  to  IMPS  (Interaction  Meas¬ 
urements  Pr(igr;im  for  Shuttle)  for  safety 
engineering,  analysis,  and  testing. 

Terhnology  Base  Development:  The 

iticreased  emphasis  o'  the  use  of  the 
space  si  iitti  *  and  the  trend  toward  more 
complex  and  costly  exiteriments  have  di¬ 
rected  our  efforts  in  technology  base  de¬ 
velopment  toward  high-reliahiiity  high- 
})erformance  d;ita  handling  systems.  De- 
v(dopment  fficused  on  accommodtiting 
higher  data  rates  and  greater  data 
stortige. 

We  continued  to  update  our  real-time 
and  (juick-look  ground  station  capability. 
Software  has  been  leveloped  for  our  five 
PDP-ll  based  stations  to  provide  “look- 
alike"  performance  and  flexibility  to  oper¬ 
ators.  A  project  to  develop  a  second  gener¬ 
ation  computer-controlled  data  handling 
and  display  system  is  nearly  complete  and 
will  utilize  the  high-s[)eed,  color-dis[)lay 
IH.M  AT  personal  computer. 

We  have  comideted  a  study  of  high- 
density  digital-recording  feasibility.  This 
study  revealed  that  laser  disk  technology, 
while  rapidly  evolving,  may  be  well  suited 
to  ground  anfl  flight-based  systems  re¬ 
quiring  high  recording  rates  and  capaci¬ 
ties.  Intense  research  and  development 
continues  in  this  technical  area.  Instru¬ 
mentation  is  also  under  development  us¬ 
ing  digital  techniques  to  better  measure 
and  characterize  the  flight  acoustic  and 


vibration  environment  aboard  rockets  and 
shuttle. 

DATA  SYSTEMS  ANALYSIS 

The  Data  Systems  Branch  of  the  Aero¬ 
space  Engineering  Division  designs,  devel¬ 
ops  and  implements  mathematical  tech- 
niL,aes  and  computational  methodologies 
for  processing  and  analysis  of  scientific 
data  recorded  from  ground  and  space- 
[irobe  instrumentation. 

Telemetry  Data  Processing:  The  Te¬ 
lemetry  Data  Processing  section  supports 
laboratory  projects  in  the  initial  data- 
processing  tasks  required  to  convert  data 
recorded  during  satellite,  balloon,  and 
rocket  flight  operations  into  computer- 
conqiatible  formats.  Data  are  converted 
from  analog  to  digital  formats,  edited, 
time-correlated,  and  displayed.  Recent  en¬ 
hancements  to  the  telemetry  data  process¬ 
ing  station  include  the  replacement  of  the 
central  processing  unit  with  a  VAX-750, 
addition  of  high  bit-rate  telemetry  pro¬ 
cessing  units,  and  additional  storage  capa¬ 
bilities.  A  telemetry  data  processing  sys¬ 
tem  called  ARTICS  (automated  real  time 
instrumentation  control  system)  was  also 
developed  and  installed  to  increase  capa¬ 
bilities  to  handle  large,  sophisticated  data 
recording  media  now  being  used  in  space- 
probe  data-gathering  projects.  ARTICS  is 
menu-driven  for  ease  of  operation  and 
allows  hardware  and  software  to  be 
brought  on  line  by  the  console  operator.  It 
provides  quick-look  displays  during  the 
acquisition  process  and  the  capability  for 
multiple  data-stream  processing. 

Data  Systems:  The  Data  Systems  sec¬ 
tion  provides  centralized  support  to  large 
data-gathering  space  experiment  projects. 
This  support  is  given  in  two  phases:  (1) 
pre-launch,  which  is  normally  a  team  ef- 
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fort  with  project  scientists  and  computer 
analysts  working  on  planning  functions 
reiiuired  to  design  an  effective  approach 
to  processing  large  volumes  of  data  to 
meet  project  goals  and  milestones;  and  (2) 
post-launch,  which  is  mainly  the  systemat¬ 
ic  implementation  of  developed  data  sys¬ 
tems  with  recorded  flight  data  to  produce 
and  maintain  a  geophysical  parameter 
database.  The  functions  performed  by  the 
analysts  in  support  of  the  reduction  and 
analysis  of  space-probe  data  include:  data 
focal  point  for  AFGL  experiments,  dealing 
with  outside  agencies  and  data  processing 
facilities;  design  and  development  of  inte¬ 
grated  data-management  approaches  and 
subsequent  documentation  in  a  data  sup¬ 
port  plan;  participation  in  data-analysis 
task  groups  with  outside  agencies  to  de¬ 
velop  coordinated  data-processing  ap¬ 
proaches  to  multi-agency,  multi-probe  sat¬ 
ellite  projects;  development  of  data-sup- 
port  systems,  generation  of  compacted 
geophysical  unit  databases,  display  of 
time  histories  of  measured  environmental 
parameters,  and  archiving  of  final  history 
databases,  maintaining  and  upgrading  in¬ 
teractive  graphic  display  capabilities;  and 


developing  special  display  techniques  (con¬ 
tour,  three-dimensional,  spectrogram,  col¬ 
or)  (see  the  figure). 


AFGL  Interactive  Targeting  System  (AIRS) 
Shuttle  Ground  Track  Sensor  Line-of-Sight 
Projections. 
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Space  Vehicle  Ephemerides  and  Model 
Calculations  Supported  by  the  Data  Systems 
Branch. 


The  AFGL  Interactive  Targeting  Sys¬ 
tem  (AITS)  was  developed  during  this 
period.  AITS  is  designed  to  provide  pre¬ 
mission  and  on-orbit  planning  support  for 
the  CIRRIS  1-A  Project.  It  is  a  computer- 
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based  system  which  displays  shuttle  posi¬ 
tion  and  sensor  line-of-siR:ht  in  various 
formats.  Color  jtraphic  displays  depict  the 
world  map,  the  celestial  si)here,  and  the 
probability  of  auroral  activity  (see  the 
figure).  This  system  provides  researchers 
with  the  tools  needed  to  evaluate,  in  near 
real  time,  the  shuttle  and  sensor  orienta¬ 
tion  during  data-gathering  portions  of  the 
orbit,  and  to  view  the  dynamics  of  the 
shuttle  attitude  and  the  auroral  condi¬ 
tions.  It  also  su}){)lies  information  on  line- 
of-sight  and  field-of-view  for  earth  and 
space  targets.  The  system  is  user-friendly 
and  provides  the  researcher  with  an  inter¬ 
active  menu  to  select  the  desired  computa¬ 
tion  or  display.  .Although  the  AITS  system 
was  developed  to  sup()ort  the  (TRRIS-l.A 
Project,  it  can  la*  applied  to  any  orbit 
sensor  whose  [lointing  direction  can  be 


calculated.  The  system  is  especially  useful 
for  sensors  whose  pointing  direction  can 
be  controlled. 

Orbital  Analysis:  The  Orbital  Analysis 
section  provides  analytic  support  and  cor¬ 
ollary  data  to  researchers  involved  with 
interpreting  flight  probe  data  (see  the 
figure).  The  support  is  given  in  four  major 
categories:  (1)  calculating  vehicle  trajecto¬ 
ries  and  attitude;  (2)  generating  time- 
history  databases  of  geophysical  support 
parameters;  (3)  developing  and  maintain¬ 
ing  computational  routines  to  calculate 
environmental  and  space-vehicle  model  pa¬ 
rameters;  and  (4)  developing  analytical 
capabilities  for  the  laboratory,  including 
optimization  methods,  mathematical  sys¬ 
tems  modeling,  spectral  analysis,  numeri¬ 
cal  analysis,  and  statistical  analysis.  Spe¬ 
cific  support  provided  researchers  on  a 
continuing  basis  includes  rocket  and  satel¬ 
lite  trajectory  computations;  satellite  reen¬ 
try  predictions;  satellite  ground-track  pro¬ 
jections;  pre-launch  satellite  orbit  predic¬ 
tions;  maintaining  models  to  calculate  pa¬ 
rameters  for  magnetic  field,  atmospheric 
density  and  composition,  particles,  space¬ 
craft  charging,  spacecraft  contamination, 
and  the  auroral  oval;  spacecraft  attitude 
determination;  and  maintaining  a  data¬ 
base  of  geophysical  parameters.  Instru¬ 
mentation  is  also  under  development  us¬ 
ing  digital  techniques  to  better  measure 
and  characterize  the  flight  acoustic  and 
vibration  environment  aboard  rockets  and 
the  shuttle. 

In  July,  IDW),  the  .Air  Force  dedicated 
the  new  Payload  Test  and  Integration 
Facility  in  the  AFGL  complex.  This  new 
w  ing,  built  to  support  aerospace  engineer¬ 
ing  testing,  provides  a  tremendous  in¬ 
crease  in  capabilities  for  assembly,  inte¬ 
gration,  and  testing  of  balloon,  sounding 
rocket,  and  shuttle  payloads.  The  facility 
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includes  a  complete  telemetry  ground  sta¬ 
tion  for  real-time  data  acquisition  and 
assessment.  Environmental  test  equip¬ 
ment  is  available  for  thermal,  vacuum, 
vibration,  and  shock  testing  of  both  com¬ 
ponents  and  assemblies  (see  the  figure).  A 
new  large  vibration  test  facility  has  been 
delivered  and  is  being  installed.  The  100  ft 
by  50  ft  high  bay  (30  ft  high)  and  two  X-Y 
translating  cranes  can  handle  payloads 
that  weigh  over  5000  lbs.  A  class  100  clean 
room  is  located  in  the  bay. 


PUBLICATIONS 

JANUARY,  1985  -  DECEMBER,  1986 


C.\RTEN,  A.S.,  Jr.  (AFGL);  and  Stomps, 
T.F.  (TCOM  Corp.,  Columbia,  MD) 

The  Tethered  Aerostat  Antenna  Program 
(TAAP)  Demonstration  Phase 
Proc.  AIAA  6th  Lighter-than-.Air  Systems  Conf., 
(16-24  June  1985) 


Thurber,  J.B.,  and  WiusoN,  G.S.,  ILt 

A  Payload  Support  System  for  Expe.  nents 
Using  the  Get  Away  Special 
Proc.  7th  AlAA  Sounding  Rocket  Conf.  (28-30 
October  1986) 


PRESENTATIONS 

JANUARY,  1985  -  DECEMBER,  1986 


Jacobs,  R.E.,  and  Krebs,  C.P. 

High  Altitude  Recovery  Program  (HARP) 

7th  AIAA  Sounding  Rocket  Conf.,  Ocean  City, 
MD  (28-30  October  1986) 


Locker.  A.J..  Ill,  W.m.ters,  R.F. 
(AFGL);  and  Feken,  C.D.  (Oklahoma 
St.  Univ.,  Stillwater,  OK) 

The  Selection  of  an  Angular  Velocity 
Transducer  for  an  Approximate  Axially 
Symmetric  Body 

7th  AIA.A  Sounding  Rocket,  Balloon  and  Related 
Space  Systems  Conf.,  Ocean  City,  MI)  (28-30 
October  1986) 


SCARBORO,  R.E.  (Space  Vector  Corp., 
Northridge,  CA);  Howard,  C.D.,  and 
Jacobs,  R.E.  (AFGL) 

High  Altitude  Recovery  Program  (HARP) 

7th  ES.A  Symp.  on  European  Rocket  and  Balloon 
Programs  and  Related  Research.  Leon,  Norway 
(.5-11  May  198,5) 


TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 

Degges,  T.C.  (Visidyne,  Inc., 
Burlington,  MA)  and  D’Agati,  A.P. 
(AFGL) 

A  User's  Guide  to  the  AFGL/Visidyne  High 
Attitude  Infrared  Radiance  Model  Computer 
Program 

AFGLTR-8.5-0015  (October  1984),  ADA161432 


Dwyer,  J.F. 

Factors  Affecting  the  Vertical  Motion  of  a 
Zero-Pressure,  Polyethylene.  Free  Balloon 
AFGL-TR-8.5-0130  (31  May  1985),  ADA164596 


CONTRACTOR  TECHNICAL  REPORTS 
JANUARY,  1985  -  DECEMBER,  1986 

Anderson,  R.D.,  and  Eng,  R.C. 
(Northeastern  Univ.,  Boston,  MA) 
Manacle  Band  Release  Mechanisms 
AFGLTR-85-0116  (May  1985),  ADA168303 


Bk  k.  R.F. 

l rist ni  nh'ntdt ioft  Ht  st'itrch  tniii  SniiiKU't  Scrrircs 
AKr.L-TH-Sr.-ti'i.'ir)  (;ui  Sf)ni'niln'r  Utx.')), 

AlAMbitliTs 

Cr\Ni\(;HAM,  L..  Bawaom,  D.,  and 
Shaw,  H.  (Physical  Scienct’  Lab.,  Las 
Prucfs,  New  Mexico) 

Engineering  ami  Instrunwntatian  Snpgari  o/' 
Af'(iL  RiH'kef  Researrh  Rragnun 
AK(IL-TR-Stv()'_!lJ  cut  St‘[)tt‘tiiln:‘r 
Al»AlT‘.t2:.7 

DkLai  kikr,  J.D.,  and  DkLkkiw,  J.H. 
(I'niv.  of  Toronto,  Ontario,  Canada) 

Bnlioon  j nsf  rn  fn('nf/!h//n  Engineering  and 
Derrlafinirnf 

AK(  t  I,-TR-s.Vi)‘J.')S  fl-'i  (Jctuhor  U>Soi.  AL)A17l)225 

Gwinn,  C.M.  (Oklahoma  St.  Univ., 
Stillwater.  OK) 

LAIRTS  DdU;  Fnnudttvr 

AK(;I.TR-s.'i-(I1!I2  (Aucnist  lllS.jl,  A( )A lti4.''>12 


Morin,  R.L.,  and  Swkeney,  C.B. 
(Northeastern  Univ.,  Boston,  MA) 

Model  JJigu  Timer 

AFGLTR-8.Y0112  (November  1982),  ADA16r)2Kl 

Pearson,  J.,  and  Grayson,  J. 
(Oklahoma  St.  Univ.,  Stillwater,  OK) 
{RIG  Formal  "B"  Decoder 
AFGI^TR-8r)-019:i  (June  198.')),  ADA1(;522.5 

Tracy,  F.J.,  and  Tw'eed,  H.M.,  Jr. 
(Northeastern  Univ.,  Boston,  MA) 

\ieod  Battery  Packages 

AFGLTR-8(i-()0.b2  (February  1986),  ADA170140 

Willis,  J.L.  (New  Mexico  St.  Univ., 
Las  Cruces,  NM) 

SHARP  (Stabilized  High  Altitude  Research 
Platform) 

.\FGL-TR.85-005()  (Septemuer  198.5),  ADA164459 


267 


APPENDIX  A 

Service  On  International  Committees  By  AFGL  Scientists 


Committee  on  Space  Research  of  the 
International  Council  of  Scientific  Unions 
(Space  Studies  of  the  Upper  Atmosphere 
of  the  Earth  and  Planets,  Including  Refer¬ 
ence  Atmospheres,  Program  Committee, 
Executive  Council,  URSI/COSPAR  Task 
Group  on  the  International  Reference  Ion¬ 
osphere,  Subcommission  F-2  on  Radiation 
Biology,  Interdisciplinary  Scientific  Com¬ 
mission  for  Life  Sciences  and  Related  to 
Space,  Subcommission  E-2  on  Solar  Phys¬ 
ics,  Interdisciplinary  Scientific  Commis¬ 
sion  E  on  Research  in  Astrophysics  from 
Space) 

International  Agency  Coordinating 
Committee  on  Middle  Atmosphere  Pro¬ 
grams 

International  Association  for  Meteorolo¬ 
gy  and  Atmospheric  Physics  (Working 
Group  on  Aerosols  and  Climate) 

International  Association  of  Geomagne¬ 
tism  and  Aeronomy  (committees  on  Mag- 
netospheric  Phenomena,  Electro-dynamics 
of  the  Middle  Atmosphere,  Pulsation, 
Quantitative  Magnetospheric  Models,  and 
the  US  National  Committee) 


International  Committee  for  Fourier 
Transform  Spectroscopy 

International  Radiation  Commission 
(Remote  Sensing  Group) 

International  Scientific  Radio  Union 
(URSI)  (US  National  Committee,  Commis¬ 
sion  G;  Chair,  Working  Group  12  “On 
Studies  of  the  Ionosphere  Using  Beacon 
Satellites”) 

International  Union  of  Geodesy  and 
Geophysics 

NATO  Panel  AC243,  Panel  IV  (Chair¬ 
man),  RSG8,  RSG14,  NATO  Advisory 
Group  on  Aerospace  Research  and  Devel¬ 
opment  (Electro-Magnetic  Wave  Panel) 
Scientific  Committee  on  Solar-Terrestri¬ 
al  Physics  (SCOSTEP)  (Monitoring  Sun- 
Earth  Environment  Committee,  Study  of 
Travelling  Interplanetary  Disturbances) 
World  Data  Center  A  for  Solar-Terres¬ 
trial  Physics 

World  Meteorological  Organization 
(committees  on  Atmospheric  Spectrosco¬ 
py,  Intercomparison  of  Transmittance  Ra¬ 
diance  Algorithms,  Atmospheric  Science) 
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APPENDIX  B 

Service  On  National  Comr  littees  By  AFGL  Scientists 


Acoustics,  Speech  and  Signal  Process¬ 
ing  Society  (Spectrum  Estimation  and 
Modelling  Committee) 

Ad  Hoc  Committee  on  Laboratory-Uni¬ 
versity  Relationships  of  the  Office  of  the 
Undersecretary  of  Defense  Research  and 
Engineering 

American  Geophysical  Union  (Commit¬ 
tee  on  Atmospheric  and  Space  Electricity) 
American  Institute  of  Aeronautics  and 
Astronautics  (National  Technical  Commit¬ 
tee  of  Plasma-dynamics  and  Lasers,  At¬ 
mospheric  Environment  Panel) 

American  Meteorological  Society  (Com¬ 
mittee  on  Satellite  Meteorology  and 
Oceanography,  Committee  on  Mountain 
Meteorology) 

Committee  on  TIROS  Operational  Verti¬ 
cal  Sounder 

Department  of  Commerce  (advisor  to 
National  Geophysical  Data  Center) 
Department  of  Defense  (Chair,  Confer¬ 
ence  on  Effects  of  Environment  on  Sys¬ 
tems  Performance,  Representative  Com¬ 
mittee  on  Nuclear  Phenomenology  Affect¬ 
ing  Space  Systems:  National  Storm  Pro¬ 
gram) 

Department  of  State  (Solar-Terrestrial 
Physics  Committee,  Geophysics  Commis¬ 
sion,  Pan  American  Institute  of  Geogra¬ 


phy  and  History,  Organization  of  Ameri¬ 
can  States) 

Executive  Committee  of  the  Infrared 
Information  Symposia 
Fleming  Medal  Subcommittee  of  Com¬ 
mittee  of  Fellows,  AFSC/NASA  Space¬ 
craft  Environmental  Interactions  Technol¬ 
ogy  Steering  Committee 

Interagency  Committee  on  Sensing 
from  Aircraft 

Interdepartmental  Committee  for  Mete¬ 
orological  Services  and  Supporting  Re¬ 
search,  Space  Environment  Forecasting 
(USAF  technical  advisor) 

NASA  Ozone  Assessment  Panel 
National  Academy  of  Sciences  (Commit¬ 
tee  on  Solar-Terrestrial  Research) 
National  Research  Council,  Geophysics 
Research  Board,  Committee  on  Geophysi¬ 
cal  Data,  Chairman,  Advisory  Panel  for 
Solar-Terrestrial  Physics 
Office  of  Science  Technology  Policy  of 
the  President  (Planning  Committee  of  In¬ 
teragency  Coordinating  Committee  on  So¬ 
lar  Terrestrial  Relations) 

Science  and  Engineering  Support  Group 
for  Surveillance,  Acquisition,  Tracking 
and  Kill  Assessment  of  the  Strategic  De¬ 
fense  Initiative  Organization  Tri-Service 
(Clouds  Modeling  Committee,  MIL-STD- 
2102  Committee,  Chair) 
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APPENDIX  C 

AFGL  PROJECTS  BY  PROGRAM  ELEMENT 
FY  1985 

Program  Project  Number  and  Title 

61 101 F'  ILIR  In-House  Laboratory  Independent  Research 

61102F  DEFENSE  RESEARCH  SCIENCES 

2803G1  Upper  Atmosphere  Chemistry 

2309G1  Geodesy  and  Gravity 

2309G2  Earth  Motion  Studies 

2310G1  Molecular  and  Aerosol  Properties  of  the 
Atmosphere 

2310G3  Upper  Atmosphere  Composition 

2310G4  Infrared  Atmospheric  Processes 

2310G6  Local  Ionospheric  Processes 

2310G7  Atmospheric  Dynamic  Models 

2310G8  Advanced  Weather  Satellite  Techniques 

2310G9  Global  Ionospheric  Dynamics 

231  IGl  Energetic  Particles  in  Space 

231 1G2  Magnetospheric  Plasmas  and  Fields 

231 1G3  Solar  Research 

62101F  GEOPHYSICS 

3054  Infrared  Target  and  Background 

Signatures 

4643  Ionospheric  Specification 

6670  Atmospheric  Science  and  Technology 

7600  Terrestrial  Geophysics 

7601  Magnetospheric  Effects  on  Space  Systems 

7659  Aerospace  Probe  Technology 

63410F  SPACE  SYSTEMS  ENVIRONMENTAL 

INTERACTIONS  TECHNOLOGY 

2821  Space  Systems  Design/Test  Standards 

2822  Interactions  Measurement  Payload  for 

Shuttle  (IMPS) 

2823  Charge  Control  System 

63707 F 

2688  WEATHER  SYSTEMS  (ADVANCED 

DEV.)  BATTLEFIELD  WEATHER 
SYSTEMS 

2781  Next  Generation  Weather  Radar 

65502F  SBIR  SMALL  BUSINESS  INNOVATION 

RESEARCH 
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In  addition  to  the  continuing  Air  Force 
funded  projects  cited  above,  AFGL  partici¬ 
pates  in  joint  programs  supported  by  the 
following  agencies; 

1)  U  S.  Air  Force 

Space  Division 
Ballistic  Missile  Office 
Air  Force  Weapons  Laboratory 
Air  Weather  Service 
Electronic  Systems  Division 

2)  Defense  Advanced  Research  Projects  Agency 
2)  Defense  Mapping  Agency 

4)  tiefeiise  N'uclear  Agency 

5)  Defense  Communications  Agency 
ti)  Department  of  Energy 

7)  National  Aeronautics  and  Space  Administration 

8)  N’avy 


AFGL  PROJECTS  BY  PROGRAM  ELEMENT 
FY  1986 


Program  Project  Number  and  Title 


61101F 

ILIR 

In-House  Laboratory  Independent  Research 

6U02F 

DEFENSE  RESEARCH  SCIENCES 

2303G1 

Upper  Atmosphere  Chemistry 

23'09G1 

Geodetic  Sciences 

2309G2 

Seismology 

2310G1 

Molecular  and  Aerosol  Properties  of  the 

Atmosphere 

2310G2 

Infrared  Background  Measurements 

2310G3 

Upper  Atmosphere  Composition 

231 0G4 

Infrared  Atmospheric  Processes 

2310G5 

Infrared  Airglow  and  Auroral  Models 

2310G6 

Local  Ionospheric  Processes 

2310G7 

Atmospheric  Dynamic  Models 

2310G8 

Atmospheric  Specification 

2310G9 

Global  Ionospheric  Dynamics 

231 1G3 

Solar  Research 

231 1G4 

Solar  Terrestrial  Interactions 

2311G5 

Magnetospheric  Processes 

62101F 

GEOPHYSICS 

3054 

Infrared  Targets  and  Backgrounds 

4643 

Ionospheric  Specification 

6670 

Atmospheric  Science  and  Technology 

7600 

Terrestrial  Geophysics 

7601 

Magnetospheric  Effects  on  AF  Systems 

7659 

Aerospace  Probe  Technology 

7661 

Spacecraft  Environment  Technology 

7670 

Optical/IR  Properties  of  the  Environment 

634  lOF 

SPACE  SYSTEMS  ENVIRONMENTAL 

INTERACTIONS  TECHNOLOGY 

2821 

Space  Systems  Design/Test  Standards 

2822 

Interactions  Measurement  Payload  for 

Shuttle  (IMPS) 

2823 

Charge  Control  System 

63707F 

2638 

WEATHER  SYSTEMS  (ADVANCED  DEV.) 

BATTLEFIELD  WEATHER  SYSTEMS 
2781  Next  Generation  Weather  Radar 
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6r,502F  SBIR  SMALL  B['SINESS  INNOVATION 

RESEARCH 

In  addition  to  the  continuing  Air  Force 
funded  projects  cited  above,  AFGL  partici¬ 
pates  in  joint  programs  supported  by  the 
following  agencies: 

1)  U.S.  Air  Force 

Space  Division 
Ballistic  Missile  Office 
Air  Force  Weapons  Laboratory 
Air  Weather  Service 
Electronic  Systems  Division 

2)  Defense  Advanced  Research  Projects  Agency 
■^1  Defense  Mapping  Agency 

4)  Defense  Nuclear  Agency 

o)  Defense  Communications  Agency 
ti)  Department  of  Energy 

7)  National  Aeronautics  and  Space  Administration 

5)  Navy 
9)  Army 


Air  Force  Geophysics  Laboratory 


Air  Force  Geophysics  Laboratory 

HANSCOM  AIB  FORCE  BASE,  BEDFORD,  MASS. 


*  Acting 

**  Pending  MET-33  Approval 


